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y±ve field trials were conducted at Ali£;;arh (India) 
during 1979-1981 to investigate the feasibility of ,^ 
cultivation of lemongrass in Jestern Uttar Pradesh and to 
study the effect of basal and foliar application of 
nineral nutrients on growth, herbage and essential oil 
yields, essential oil percentage and quality icitral 
percentage and citral yield) and JIP'-I contents in leaves 
of lemongrass. The data were found mostly significant. 
In Experiments 1-3 1.1979), based on simple randomised 
block design, the effect of 3 levels each of basal 1>J,P ''^nd 
X was studied. Considering the entire results on various 
parameters studied at three cuts, it was noted that 
individual application of j500 i:g J/ha, 125 Kg PpOj-Zha and 
I ii ) 
160 Zp- KpO/ha proved optimiun. 
IJlxperiment 4 was periorined in 1980 accordinc to simple 
randomised block deoign to investigate the effect of 
combined i^iPK (selecting tioree levels of each of these 
nutrients on the "basis of results of first year of study; 
in all possible combinations. Another departure from the 
previous year's studies was that this trial was started 
one month early to avoid the coincidence of winter 
tdormant period of lemongrass) vrith the last harvest. 
Takin;; into consideration all characteristics studied at 
all three cuts, it was foimd that -MVCQ ^IOO ^^^60 ^^^ 
Npp-j-. P^pc ^^1 ?o ^PPS^^sd to show an overall superiority 
over the other combinations tried. 
Experiment 5 was laid in 1981 according to sTjlit plot 
deci.-pri to study the effect of leaf-applied K and ? alone 
and in combination (sub plot treatments) in the presence 
of two basal doses of combined M and P (main plot treatments) 
Here, only two cuts could be taken as it was considereri 
desirable to allow sufficient time for the sprayed nutrients 
to I'^et metabolised in the leaves. The basal treatment 
N-jQQp^^Q proved better for most of the parameters studied 
at both cuts. Of the sixteen spray treatments, ^ + P 
sprays proved generally superior to sprays of ff or P alone 
vrith 1^ 10^ 2 Proving optimum. Considering the interactions 
t iii ) 
between basal and spray treatments, spray of i^ iQ-Pp P^o^ '^'ed 
generally better for all significantly afi'ected character-
istics irrespective of the basal dose. 
On the basis of the results of these experiments, it 
was inferred that lemongrass can be cultivated successfully 
in V/estern Qttar Pradesh. Transplantation in early March, 
which ensured ideal f^ rowth and better yields, is a new 
findinf^ . Similarly, the selection of optimal basal ilPK 
dose, the establishment of fertiliser economy using foliar 
application technique and the effect of nutrients on the 
WPK contents in leaves of lemongrass is being reported for 
the first time. 
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1 . INTRODUCTION 
India is a veritable garden of aromatic plants. More 
than 1300 essential oil bearing plants are known to grow-
in her tropical plains and temperate and alpine hills and 
valleys. Also, being an epitome of climates, seasons and 
soils of the world, it is possible to grow all kinds of 
plants here. In fact, already a large number of exotic 
essential oil yielding plants, such as Mentha arvensis Linn., 
Eucalyptus citriodora Hooker, Gymbopogon winterianus Jowitt 
and many others, have been successfully introduced into this 
country (Baslas, 1970). India may also be called the home 
of aromatic grasses. The most important indigenous essential 
oil bearing grasses are Cymbopogon fleraosus (Nees ex Steud.) 
Wats., C. martinii vars. motia and sofia yielding the 
commercially important oils of lemongrass, palmarosa and 
ginger grass respectively. 
Lemongrass oil occupies a very important place in the 
export trade of India and earns a considerable amount of 
foreign exchange. The use of natural lemongrass oil is 
mainly confined to the isolation of citral for flavour 
and perfume. The oil is also used for the production of 
^-ionone and vitamin A. Luring 1976-77, exports of 
lemongrass oil and B-lonone were valued at Rs.55«6 million. 
In India, production of the oil is practically confined 
to Kerala State. The annual production of the oil in this 
state was estimated to be 750 MT as against the total 
production of 800 MT in the whole country, while the demand 
(including the export need) was reported to be 1300 MT. 
The Kerala State Drugs and Pharmaceuticals Ltd., Alleppey 
announced to start manufacturing vitamin A from lemongrass 
oil from 1981 and would require about 200 MT of oil per 
annum for this purpose (Nair, 1980). 
India, which enjoyed the pride of place in the inter-
national market a little over a decade ago, exports about 
300 .'IT out of its production whereas the World Health 
Organisation (WHiO estimated global requirements of lemon-
grass oil in 1980 at 4000 MT (Anonymous, 1976). According 
to another report, lemongrass oil is India's second most 
important essential oil export item after sandalwood oil, 
but diiring the last two decades its production has shown 
a declining trend. The contributing factors for lower 
production are higher returns from various food crops 
that have partially replaced lemongrass ciiltivation, 
increased importance of synthetic citral and stiff competition 
from Guatemala where cultivation and distillation of lemon-
grass oil are done on scientific lines (Dutta, 1980). 
The realisation of the importance of cultivation of 
the essential oil yielding plants is, however, increasing 
steadily with the advancement in education and prosperity 
among Indian farmers. This is not surprising as essential 
oils are required in ever increasing quantities in the 
fast developing soap, perfumery, cosmetics and pharmaceuticals 
industries. Efforts by Government agencies to popularise the 
cultivation of these plants have also helped the situation. 
Extensive research has been done at Aligarh during the 
last two decades by Afridi and associates on various aspects 
of mineral nutrition of a number of crops including medicinal 
plants. However, no serious attem.pt seems to have been made 
in any country (including India) on the nutritional require-
ments of aromatic plants, particularly lemongrass. It was, 
therefore, considered appropriate to undertake a detailed 
study of the nutritional requirements of lemongrass 
(Cymbopogon flexuosus) under local conditions. It was 
further decided to explore the feasibility of obtaining 
good yield and quality of its essential oil by using the 
technique of foliar nutrition. 
With these aims and objectives in view, the following 
five field trials on lemongrass (Cymboipogon flexuosus) were 
conducted from 1979 to 1981 to study the effect on growth, 
yield, essential oil content and quality and leaf UPK 
contents of: 
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1. Eight levels of basal nitrogen, 
2. Eight levels of basal phosphorus, 
3. Bight levels of basal potassium, 
4. Twenty eight combinations of basal nitrogen, 
phosphorus and potassium, and 
5. Sixteen foliar spray treatments of nitrogen, 
phosphorus alone and in combination applied 
with either optimal or sub-optimal basal dose 
of nitrogen and phosphorus in the presence of 
a uniform dose of potassium. 
The statistically analysed data of these experiments 
and conclusions drawn from them, discussed in the light 
of the publications of other workers, are presented in 
this thesis. 
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2. REVIBtf OF LITERATURE 
2.1 UPK in plant nutrition 
2.1.1 Historical; The earliest scientific report 
of nitrogen requirement for plant growth seems to date 
back to 1656 when Glauber obtained saltpetre from cattle 
manure and foxind that it had great stimulating effect on 
plant growth (JBould, 1963). According to Russell (1950), 
positive response to soil application of nitrogen was 
observed at Rothamstad Experimental Station in England by 
lawes around 1840. He tried to apply mineral forms of 
nitrogen to wheat (Triticum) crops. The enhanced growth 
and increased yield resulting from t;ie minerals demonstrated 
that crops derived most of their nitrogen from the soils 
(Lawes et. al., 1861). Liebig, in 1840, and V/ay, in 1850, 
were among the first investigators to observe that 
phosphate was retained by soils. Lawes and Gilbert in 
1843-1855 noted the response of field crops to soluble 
phosphates. Ville in 1861 appears to have been one of the 
first investigators to show that phosphorus is necessary 
for all plant growth (Reed, 1942). The first proof of 
potassium requirement was given by Birner and Lucanus(1966). 
They experimented with oats in water culture and concluded 
that potassium, which was indispensible for flowering plants, 
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could not be replaced by other metals of that group 
(Reed, 1942). Potassium deficiency in field crops was 
first described by Wilfarth and Wimmer in 1902 (McMurtsrey, 
1948). 
Liebig published "Organic Chemistry in its Application 
to Agriculture and Physiology" in 1340, which led to new-
concepts for modifying the soil by fertilisers and other 
amendments. Lawes in 1842, obtained an evidence for 
manufacturing superphosphates and introduced chemical 
fertilisers to agriculture (Russell, 1950). As research 
progressed crop responses to levels of phosphate, lime and 
potassium were worked out, but nitrogen nutrition remained 
baffling due to Liebig's insistence on a major role for 
atmospheric ammonia. Finally, Iiellriegel and V/ilfarth put 
forward in 1885 the role played by bacteria in the nodules 
of the roots of leguminous plants to make use of atmospheric 
nitrogen (Epstein, 1978). 
2.1.2 Physiological role; The various essential elements 
perform many important functions in the plant; some have 
roles in osmotic phenomena, some are also fundamental 
constituents of metabolic products, and others may act 
catalytically in the regulation of certain bio-chemical 
processes within the cell. Out of the list of macronutrients, 
intensive work has been done on nitrogen, phosphorus and 
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potassium as these macronutrients were removed by crops 
in rather large quantities. Since the beginning of 
present century they have been the subject of innumerable 
field trials by farm scientists in various countries. 
Their metabolic roles in plants have received considerable 
attention of plant physiologists and are summarised below. 
2.1.2.1 i'JitrOi^ en: Jitrogen is the fourth most 
abundant element in plants after carbon, hydrogen and 
oxygen. Of the various compounds, protein contribute 
about ^8/o. i-J'itrogen is mainly absorbed as nitrate and 
reduced and incorporated into organic compounds (Bandurski, 
1965; jSeevers and iiageman, 1969). It encourages the 
vegetative development of plants, imparting a healthy green 
colour to the leaves. Its deficiency results in various 
disorders, mainly retardation of growth and root development, 
yellowish or pale green foliage, premature seed set, 
shrivelling of grain and lower crop yields. An excess of 
nitrogen causes the production of leathery, dark green 
leaves and succulent growth. It also delays maturation of 
plants; increases susceptibility to diseases and causes 
'lodging' by inducing an undue lengthening of stem internodes 
Nitrogen is an integral part of a large number of essential 
organic compounds, including amino acids, peptides, proteins, 
enzymes, co-enzymes, porphyrins, purines, pyrimidines, 
nucleosides, nucleotides, chlorophyll, vitamins, alkaloids 
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and growth hormones. 
2.1.2.2 Phosphor\i3: G-enerallj'-, phosphorus is not 
present in abundance in most soils. Wherever present, 
most of it is 'fixed' and thus unavailable to plants. 
Therefore, it becomes necessary to supply fresh quantities 
of this nutrient to the soil every season for healthy 
growth of crop plants. It is absorbed mainly by plants 
as the dihydrogen phosphate ion, HpPO. (iSpstein, 1978). 
-iach of the phosphate is converted into organic forms 
upon entry. 
Phosphorus plays a key role in energy metabolism and 
is incorporated into adenosine triphosphate. It is found 
in plants as a constituent of nucleic acids, phospholipids, 
sugar esters and their derivatives, nucleotides, nucleo-
proteins and co-enzymes. As a constituent of nucleoproteins, 
it is concerned with cell division and transfer of hereditary 
characters by the chromosomes. It is a constituent of 
phospholipids and one of these, lecithin, is believed to be 
present in cell membranes and is thus of universal occurence 
in all living cells (Devlin, 1981). Phosphorus is also a 
component of sugar phosphates, phytic acid, the hexaphosphate 
ester of myo-inositol or its calcium and magnesium salt 
(phytin), serving as a storage form of phosphate in seeds 
(Epstein, 1978). 
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Phosphorus influences the vigour of plants and improve 
quality in crops. It encourages formation of new cells, 
promotes root growth and hastens leaf development, omcrgence 
of ears, formation of seed and grain and maturation of 
crops. It also increases resistance to diseases and 
strengthens the stem of cereals. If phosphorus is deficient 
in the soil, plants fail to make quick start and do not 
develop a satisfactory root system. The phosphorus deficient 
plants remain stunted and sometimes develop a tendency to 
show a reddish or purplish discolouration of stem and 
foliage due to an abnormal increase in sugar content and 
formation of anthocyanin pigments. 
It is well known that phosphorus affects both the 
vegetative as well as the reproductive phases of plant life 
and is thus "involved in practically every synthetic 
reaction of the cell" (Hewitt, 1963). 
2,1,2.3 Potassium: Potassium is the only monovalent 
cation essential for all higher plants. It exists in the 
soil in non-exchangeable (fixed form), exchangeable and 
in a soluble form. Though there is a high content of this 
nutrient in the soil, most of it being in non-exchangeable 
form is unavailable to the plants. Unlike nitrogen and 
phosphorus, potassium does not form a stable structural 
part of any molecule inside the plant cell. However, it is 
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abundantly present in soluble form in the cytoplasm and in 
vacuolar sap. It is accumulated in high concentration in 
meristeraatic tissues and metabolically active regions like 
buds, young leaves, root tips, developing fruits, etc. 
(rieyer and Anderson, 1952) and large amounts of this element 
are needed for proper growth and development (Hewitt, 1951). 
It has been reported that potassium activates the enzymes 
that synthesise certain peptide bonds (Webster, 1953) and 
that it enhances the incorporation of amino acids into 
protein (Webster, 1956). It has been proposed that potassium 
acts as an activator for numerious enzyme systems, xlot less 
than 46 enzymes have been listed from animals, higher plants 
and microorganisms -which require it for n^axinal activity/ 
(-3vans and Sorger, 1966). It increases the pl;int's ability 
to resist diseases and pests, cold and other adverse 
conditions. As such its deficiency adversely affects most 
of the physiological processes including photosynthesis, 
carbohydrate and nitrogen metabolism and respiration. It 
also influences the hydrature of the protoplasm (Nason 
and McElroy, 1965). The relationship of potassium to 
starch formation has been established by many workers 
(Greenberg and Preiss, 1965; Evans and Sorger, 1966; 
Akatsuka and Nelson, 1966; Preiss and Greenberg, 1967; 
latsos and Evans, 1968, 1969). 
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Carbohydrate metabolism has been linked to potassium 
in many studies with regard to the effect of potassium 
deficiency in plants. The process of translocation of 
sugars was found to be closely linked to potassium. Its 
deficiency decreased translocation of labelled photosynthate 
from leaves to other portions of sugarcane plants (Hartt, 
1969). Circulation of potassium aro\ind the sieve plate 
has been proposed as a mechanism for increasing trans-
location in sieve tubes. The electro-osmosis theory of 
the translocation of materials tota.lly depends on the 
potassium ions, which are moved across the sieve plate 
actively (Salisbury and Hoss, 1974). 
fujino (1967) proposed a role for potassium in the 
opening of stomata and proposed that ATP might be utilised 
to accumulate osmotically active ions such as potassium 
and regulate water flow. Humble and Hsiao (1969) also 
suggested its role in the opening of the stomata. In 
addition, potassium has a general function in the regulation 
of water in plant cells. It was found that potassium was 
selectively absorbed by these plants and was one of the 
main ions involved in preventing the plant from losing 
water and becoming physiologically dry. 
The external symptoms of potassium deficiency on 
leaves show a mottled chlorosis followed by the development 
of necrotic areas at the tips and margin of the leaf. 
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These symptoms appear first on the more mature leaves 
because of its mobility. It is generally seen that a plant 
deficient in potassium is stunted in growth a pronounced 
shortening of the internodes. 
2.2 J'oliar ijutrition 
j'oliar nutrition is one of the more recent advances in 
agricultural practices, i'oliar application of mineral 
nutrients is an adequate, ecoaonic •^.cc'. "Tiicient method 
througii which the appropriate quantities of required 
nutrients is sapplied to the leaves of staading crops in the 
form of dilute solutions. This method is also '<:aown as 
"non-root" feeding of crops. -lost of the applied nutrients 
are knovjn to be absorbed readily by the leaves. This enhances 
physiological processes favouring the increased expression of 
yield components. The practice has gained great importance 
these days because of the availability of highly soluble 
fertilisers, efficient machinery for spraying, quick response 
of applied nutrients and relatively a less expenditure on 
fertiliser per unit area of land in comparison to the 
traditional method of fertilisation through the soil. 
The technique of foliar nutrition is not new and is 
known since 1803 when Forsyth used it for the first time 
(Bould, 1963). However, according to V/ittwer and Teubner(l959), 
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credit goes to G-ris who, in 1844, published one of the 
earliest reports on foliar absorption of mineral nutrients. 
This was followed by the work of Player (1874) and Bohm (1877) 
in the last century. These significant observations have 
been confirmed in recent years. However, the application 
of foliar sprays was restricted only to correct micro-
nutrient deficiencies for a long time. It is only recently 
that this technique has been exploited to cover some of the 
major elements and has started to play an important role in 
crop production ('iittwer and Teubner, 1959). 
i'^ oliar nutrition is a useful method of anrdyin/j 
fertilisers to crop plants th;at can tolerate them. Some of 
its many advantages over soil application are: 
1. Foliar nutrition may serve as a convenient and 
possibly the only means of applying supplemental macro-
nutrients during critical growth periods when it is 
impractical to apply fertilisers to soils, perhaps because 
of an unseasonal period of dry weather (Panikar and 
Raghunath, 1974). Foliar application could be effective 
when poor conditions existed for nutrient uptake from soil 
and there was heavy demand for a particular nutrient 
(Thome and Watson, 1954; Halliday, 1961; Wittwer et al.,1963; 
Yawalkar and Agarwal, 1972; Tisdale and Kelson, 1975). 
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2. Boynton (1954), in his review, reported that some 
crops removed large qua.ntities of fertilisers during early 
vegetative growth and needed fertiliser supplements at 
later stages when soil application was not easily possible. 
In sugarcane and some other crops, nitrogen supplements 
were sometimes needed and urea sprays were found "beneficial 
due to the fact that soil application of nutrients was 
impractical during the final period of crop growth. 
3. The convenience afforded by foliar nutrition, 
together with the saving of the nutrients, makes it 
attractive and cheap for supply of nutrients at the proper 
stage of growth, and proves it economical when compared to 
other techniques of supplemental fertiliser application, 
e.g., top dressing for optimum yields. The positive 
advantage of foliar application of nutrients is efficiency, 
speed, economy and also improvement in crop quality 
(Mederski and Volk, 1956). Panikar and Raghunath (1974) 
attributed the economy in fertiliser due to the efficient 
utilisation of foliar applied nutrients. 
4. Lastly, foliar nutrition can also be beneficial 
in dryland farming where high doses of solid fertilisers 
may result in harmful osmotic effect on roots. Moreover, 
under hilly, water-logged, sandy and porous or highly 
alkaline and acidic soil conditions, the foliar feeding is 
advantageous over soil application (Anonymous, 1971; 
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Parthasarthy, 1972; Anonymous, 1973). 
because foliar absorption is coupled with plant 
metabolism within a very short time, the applied nutrients 
are absorbed, transported and utilised by the plants often 
several times faster than from supplemented soil application 
(Jilbcrctein and l/ittwer, 1951; I'horne and Watson, 1953; 
?isher and Walker, 1955; V/ittwer et. al., 1957). 
The effectiveness of foliar nutrition depends on the 
ability of nutrients first to penetrate through the outer-
most plant surface (the cuticle), stomata and the outer 
coll walls of epidermal ceils. -iOre likely, penetration 
of nutrients occurs by diffusion throu'^ u cuticle. Pene-
tmtion may be facilitated by breaks, fissures, and 
discontinuities in the cuticular layer. Once having 
penetrated the cuticle, further penetration of nutrients 
through the outer epidermal cell wall probably takes place 
mostly through fine, thread-like, submicroscopic structures 
called ectodosmata. './hen a substance reaches the plasma 
membrane of an epidermal cell it will be absorbed by 
mechanisms similar to those which operate in root cells 
(Nog,-;le and Fritz, 1979). 
After absorption by the leaves the nutrients are 
transported to other plant parts including roots. Transport 
of foliar applied nutrients \zndoubtedljr occurs via the 
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phloem. While the rate and amount of transport varies 
with each element, it parallels the phenomenon of nutrients 
redistribution (V/illiams, 1955). Transport of foliar 
applied nutrients was initially in the phloem and was an 
active process (Wittwer et. al., 1963). Baver (1963) 
reported that nitrogen showed its movement to the places 
oi" metabolic demand as compared to the points of lowest 
composition. On the other hand, Humbert ^1968) found that 
movement out of the leaves which received the foliar spray 
was from the region of high concentration to low concentration 
The ready uptake of the applied nutrients and trans-
location from the leaves is observed by changes in colour, 
composition, growth and yield of various organs of the 
plants following foliar spray. It is an "active" process 
dependent on temperature, light and oxygen. It is largely 
irreversible, occurs against concentration gradients and 
is influenced adversely by inhibitors. Some mineral 
nutrients like calcium, magnesium, nitrogen, potassium and 
zino, are absorbed very rapidly, while others like iron, 
molybdenum, phosphorus and sulphur are absorbed slowly 
(Wittwer, 1964). 
Absorption of nutrients by leaves and their subsequent 
metabolism are expected to vary greatly with the plant type, 
species, leaf area, morphological stage, rate of growth, 
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soil, nutrient status, prevailing weather conditions, 
time of spraying and pH of spray solution (Wittwer and 
Teubner, 1959; De, 1971). 
2.5 'i'iie genus Cymbopogon Spreng. 
i'he name Gymbopogon is derived from two Greek words, 
Gimbo—a hollow vessel, cup or boat—and pogon-beardf . 
The first of these refers to the boat — shaped spatheoles 
which are a conspicuous feature of the inflorescence, 
while the second one, pogon appears in the names of many 
genera of the Andropogoneae and is generally supposed to 
be descriptive of a many a.\<m.ed inflorescence. 
India has been famous since ancient times for her 
aromatic plants and perfumes and "attars" were prized all 
over the civilized world. Amongst aromatic grasses, the 
genus Gymbopogon occupies the first place. All the 
essential oil yielding grasses of India belong to the 
tribe Andropogoneae of the family Gramineae. The total 
number of species in the genus is one hundred and five 
according to Index Kewensis. Bor C 1955a) h.as listed twenty 
six species found in India. Only six species of Gymbopogon 
are being commercially cultivated in India for their 
essential oils which are as follows. 
1. Gymbouogon flexuosus (Nees ex Steud.) ¥ats var. 
flexuosus. leaf yielding East Indian lemongrass oil. 
18 
2. Cvmbopogon citratus (DC) Stapf, leaf yielding West 
Indian lemongrass oil. 
5. Gymbopogon pendulus (Kees ex Steud.) Wats., leaf 
yielding Jammu lemongrass oil. 
4- Cymbopogon martinii Stapf var. motia, leaf and 
inflorescence yielding commercially important palmarosa 
oil. 
5. Qymbopogon nardus (Linn.) Rendle, leaf yielding inferior 
quality of citronella oil referred to as Ceylon type. 
6. Gymbopogon winterianus Jowitt, leaf yielding superior 
quality of citronella oil commonly called Java type. 
Among the two species cultivated, G.ymbopoff:on flezuosus, 
also knoim rs Malabar or Cochin grass is indigenous to India, 
whereas 0_. cjtratus is cultivated in West Indies, Brazil, 
Argentina, i^ 'ormosa, Haiti, Indo-China, Indonesia, Kenya, 
Malaysia etc. Both oils contain from 75 to 85/o of aldehydes, 
chiefly citral, but they differ in that the West Indian oil 
is usually less soluble in lOfo alcohol than the East Indian. 
2.5.1 Botany; Two types of East Indian lemongrass are 
known: the so-called 'red grass', locally known as 
'choomanna poolu', the true Cymbopogon flexuosus. The 
colour of the stem is reddish. The leaves yield the normal 
East Indian lemongrass oil, containing 75/o or more of 
aldehyde, chiefly citral and exhibits good solubility. 
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The bulk of Indian lemongrass oil is produced from the red 
grass. The so-called 'white grass', locally known as 
'Wella poolu' has been identified as C. flexuosus var. 
albescens. The colour of the stem is white. The oil obtained 
from the plant has very low aldehyde content and poor 
solubility. 
Qymbopogon flexuosus var. flexuosus 
It is an aromatic grass of height 210-315 cm; leaves 
are linear, lanceolate of size 125 cm x 1.7 cm. Panicle is 
very large, drooping, lax, greyish or greyish green, rarely 
x-j-ith a tinge of purple and decompound. The raceme pairs are 
in dense masses, spreading, slightly hairy and 100-135 cm 
tall. .Spikelets, which are sessile, consist of 3-4 lower 
glumes 4.5 mm long and 1 .0 mm wide v/ith 1-3 definite or 
obscure intracarinaf. nerves and shallowly concave with one 
or two depressions (Bor, 1955b). 
2,3.2 Main uses: Lemongrass oil is mainly used for the 
isolation of citral, the chief constituent of the oil. Citral 
is the starting material for the preparation of two important 
ionones. Alpha-ionones are used in flavours, cosmetics and 
perfumes. Beta-ionones from the oil are used for the 
manufacture of vitamin A. Besides these, the oil is directly 
used in many pharmaceutical preparations, such as pain balm 
and disinfectants. A small amount is used, as such, in soaps. 
detergents and other preparations of technical products 
because of its powerful lemonn-like odour. 
2.3.3 Subsidiary uses; Leaves are used as tea (Galban,1955)• 
In Hawaii, the grass is cultivated for flavouring food, such 
as chiken. They use it not only for tea but also add it to 
bath water (ileal, 1963). iloreover, the grass acts as an 
excellent soil binder and minimises soil erosion on hillsides 
The oil has also found other uses. As an insect 
repellant, it shows contact toxicity against the housefly 
(i-lusca nebulo) and the mosquito (Qui ex fatigans) at a 
dosage of 7.5y(-i-g and 30yug/insect respectively. The oil is 
very effective as a fumigant against both flies and 
mosquitoes; but the repelling action of the oil is poor 
(Tiwari et_ al., 1966). 
Gupta and Jain (1978) recommend it for tooth and 
head-aches and for bath fomentations, particularly in 
female complaints. It has been found to be antifungal and 
bactericidal against a number of micr(^organisms (Nayak 
and Dutta, 1961; Gupta and Jain, 1978). 
2.3•4 The spent lemongrass; After distillation, the spent 
lemongrass is suitable for cattle feed, compost and straw-
board and paper manufacture. As the pulp obtained is short 
fibred and not suited for getting paper possessing requisite 
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strength, spent grass has to be admixed with suitable 
preparation of long fibred pulp from sabai grass or 
bamboo (Karnik, 1959). A compound feed prepared with 
spent lemongrass, urea and small quantities of groundnut 
cake, wheat bran, molasses and minerals and supplemented 
with vitamin A could be used for feeding cattle as a 
maintenance ration without any adverse effect (dampath 
et al., 1969). Dried spent lemongrass is used as fuel for 
distillation of the oil. It is an excellent source of 
manure applied either after composting or in the form of 
ash after burning. 1-Ioreover, spent lemongrass may be used 
for mulching coffee (Hanumantha iiao, 1964). 
2 .4 J^ 'ertiliser requirements: 
It is well known that environmental factors play 
important role in achieving genetic potential of a crop 
plant through their effect on growth, development and 
finally production. Of these, fertiliser is one of the 
most significant input for boosting up agricultural 
production depending upon the amount of nutrients absorbed 
and utilised in building up the various tissues. Investi-
gations carried out by many workers showed that any 
disbalance in nutrition might be harmful for plant growth 
and may also prove uneconomical. It is also a known fact 
that different crop plants require different levels of 
fertilisers depending upon the utilisation capacity. 
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Of the essential plant mineral nutrients, intensive 
work has been done on nitrogen, phosphorus and potassium 
(NPE) as these hare been known longer to play a major role 
in productivity through their involvement in the biosynthesis 
of various metabolites in plants. These raacronutrients are 
needed by plants in large quantities and crops readily 
deplete the soil of these nutrients necessitating their 
regular replacement in the form of manures and fertilisers 
(Russell, 1950). For essential oil yielding plants, these 
macronutrients might play a role in the synthesis of the 
essential oils through their involvement in other physio-
logical processes of plant metabolism. 
liood (1917) seems to have been among the pioneers to 
observe the effect of application of fertilisers on the yield 
of lemongrass oil and its citral content in the United States. 
Russell (1919) reported that the use of systematic fertilisers 
increased the yield of herbage of lemongrass by more than 100%. 
It seems that after this period no noteworthy work on this 
aspect was carried out. After about four decades, Datta 
and Virmani (1964) reported that application of fertilisers 
increased the growth and essential oil yield of 
Oymbopogon nardus and C. winterianus. Furthermore, 
Yang (1968) working on West Indian lemongrass 
(Cymbopogon citratus). noted the effect of mulching materials 
and fertiliser levels on oil and citral content and concluded 
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that oil content was not so much af-fected by fertiliser 
application as it was increased by mulching. It was 
further noted that high fertiliser doses resulted in low 
citral content whereas mulching with polysterene produced 
the highest citral content. 
In the following pages, an attempt hac oeen made to 
compile tiie more important findings regarding the requiremeits 
of nitrogen, phosphorus and potassium alone and in combin^ition 
oy the genus 'Jyabopogpn • Comprisint^ several varietjoj o" 
lenongrass, palnarosa grass aid citronella grass. 
^.4.1 -^itrogen fertilisation of Q.,^ ibopogOii spp: The 
significance of nitrogen for ideal ;rovth of the plants in 
general has already been emphasised e_LrlJer iy^ 1-8). like 
most other aromatic plants, Cymbopogon spp. show a positive 
response to nitrogen application with regard to growth, 
development and yield as well as essential oil quality. A 
few investigations have been carried out in different 
a,groclimatic regions from time to time and optimal nitrogen 
doses were worked out. The work on this aspect is reviewed 
briefly below. 
2.4.1.1 Effect on growtn and herbage yield as well as 
yield and quality of essential oil; It was noted 
that initial growth was hastened by application of low doses 
of nitrogen accompanied with better herbage yield of 
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Gymbor>o,q:on flexuosus (Pillay, 1961; Molianty and i-Iiora, 1963). 
Chandra (1972) studied the effect of varying concentration 
of nitrof;en on herbain:e and essential oil yield of Java citronella 
at Lucknow (U.P.). He applied three doses of nitrogen (0, 100 
and 200 ilg il/ho.) ao anmonium sulphate and observed that 200 Kg iM/ha 
-jave highest herbage and essential oil yield as well as affected 
favourably both geraniol and citronellal content of the oil. On 
tbe otiner hand low doses did not affect the contents. 
'li'Ogh and Ganguly (1072) studied the effect of various 
doses of nitrogen on the yield of Java citronella under e:ctensive 
cultivation in two trials at Jorliat (.LSSTII). In tlie first trial 
t>ie n,p-oliod four doses of nitro'^ en {0, 60, 90 md 120 !"f ii/ha) 
in the for^ ^ of u^ e^a. The nitrogen apolicatiou vras done in three 
split doses, i.e., half of the a^ iount a month after transplantation, 
and janother half in two equal doses followin; tiie first and second 
harvests. It was observed that total production of fresh leases 
of four harvests was significantly hi5jher at 90 and 120 Kg h/ha 
than at 0 and 60 'K.g N/ha. The values recorded for NQQ and W-ipo 
did not significantly differ from each other. In the second trial, 
urea nitrogen was applied at 0, 40, 80, 120 and 160 Kg W/ha. 
However, in this trial, nitrogen was applied in four split 
doses, i.e., one fourth of total quantity two months after 
transplanting the slips and one fourth after each of first 
three harvests at interval of three months. All levels of 
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nitrogen produced more fresh leaves than the control. The 
values given by 120 Kg N and 160 Kg W were significantly 
more than those given by 40 and 80 Kg N/ha. The treatments 
E.Q and NQQ (as also N^oQ ^^^ '^^ 160^  were equally effective. 
Furthermore, the second trial was repeated and yields were 
found to be higher at all levels of nitrogen than in the 
control (no nitrogen). lields at the levels of 120 Kg N 
and 160 Kg M/ha were significantly higher than at the 
level of 40 Kg d/ha. Among the three higher levels (80 Kg A, 
120 KQ il and 160 Kg iO, however, the differences in yield 
\jeve not significant. 
The nitrogen requirement of Jamrau lemongrasG or iRL-l6 
(Gymoooo;?on pendulus) was studied by Atal and Bradu (1973) 
at Jammu-Tawi (J. & K.). They noted that 325 Kg W/ha gave 
50.9 t/ha herb-ige and 155.7 Kg/ha essential oil yield. 
Singh et_ al.. (1976) studied the effect of five levels 
of nitrogen (O, 40, 80, 120, and 160 Kg N/ha) on yield and 
quality of essential oil of Java citronella 
(Cymbopogon winterianus) at Jorhat (Assam). They applied 
nitrogen in the form of urea in four split doses, i.e., one 
fourth of the total amount two months after transplanting 
and one fourth after each harvest at intervals of three 
months. It was observed that nitrogen application did not 
show any marked effect on the essential oil content or its 
components while these characteristics seemed to be influenced 
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by the age of crop. Furthermore, citronellal axid geraniol 
content exihibited a significant increase in the two year 
old as compared with the one year old crop. Nonetheless, 
the citronellol and geranyl acetate decreased slightly in 
all the treatments in the two year old crop. 
The eiCect of nitrogen on herbage and essential oil 
yield of Java citronella (Oymbopogon winterianus Jov/itt) 
was studied by Ganguly and fh;^ gara3an u977;. fhey noted 
that a level of 200 Kg i^ha proved optimum depending upon 
the soil conditions. 
At Odakkali (lierala), the requirement of the nitrogenous 
fertilisers for lemongrass (Gymbopo^ o^n flexeuosus) was studied 
by iVair and Wair (1977). It was observed that 100 Kg N/ha 
applied basally gave highest essential oil yield. Moreover, 
no effect on citral content was noted by nitrogen application. 
Samra et_ al. (1977) studied for two years the influence 
of nitrogen application and row spacing on the fresh herbage 
and essential oil yield of palmorosa (Qymbopogon martinii 
var. motia) at Ludhiana (Punjab). They applied three row 
spacings (30, 45 and 60 cm) in the main plots and three 
levels of nitrogen (O, 75 and 150 Kg M/ha) in the sub-plots 
according to split plot design. It was noted that nitrogen 
application showed a significant increase in fresh herbage 
yield over control. There was significant increase in 
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herbage yield at 75 Kg N/ha except in the July, 1975 
cutting vj-hereas 150 Kg N/ha gave more yield than did 
75 Kg N/ha. The percentage increase in herbage yield 
at 75 and 150 Kg A'/ha vras 116.9,o and 122.4/ respectively, 
while that of the essential oil yield was 123.9,'^  and 
133«4/<' respectively, over control. Furthermore, the oil 
percentage regained unaffected by nitrogen application. 
Similarly, the effect of variation in row spacings on 
the herbage yield, essential oil percentage and total 
essential oil yield during both years was found to be 
non-significant. 
.'/orking oa Jamu lenon.;rass or I?.L1-16 (Gymbopogon pendulus) 
at Jammu-'fawi (J. Cc X.), oingh et_ al. (1977) compared the 
effect of eight levels of nitrogen (O, 160, 200, 240, 280, 
320, 360 and 400 Jvg j/ha) on herbage and essential oil 
yield. Phosphorus and potash v^ ere not given and plant 
spacing was maintained at 45 x 45 cm. It was observed that 
360 and 400 Kg N/ha gave significantly higher yields than 
the other nitrogen levels. However, 320 Kg N/ha gave 
maximum profit of Rs.2,884.00/ha whereas the highest return 
per rupee invested was noted with 280 Kg N/ha. 
Gupta et. al,. (1978) studied the effect of nitrogen on 
yield and yield attributes of palmarosa (Gymbopogon martinii 
var. motia) at New Delhi. Three levels of nitrogen 
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(O, 40 and 80 Kg N/ha) were applied in the form of urea. 
It was observed that nitrogen application did not show 
amy effect on essential oil coxitenl of the crop. However, 
the number of tillers and yield of flowering tops were 
increased significantly upto 40 Kg l^/ha. in the first cut. 
Interestingly, it was further noted that the 40 Kg i\i'/ha 
dose increased the length of inflorescence significantly 
over the no nitrogen control and proA;-ed at par with GO Kg 
dose at second and third cuts. 
J.air ejt_ al^ . (197^) si ad led tae eCrcct of various levels 
of nitrogen (50, 100, 150 atiJ 2J0 iCg u/aa) on Xxie aeroige 
and escential oil yield and cit_^ '^  content in the oil of 
lemon ,rasG (Oynbopogon 'flezuosus var. 0L)-13) at 0dj,'':l;ali 
'v -ex- ,1a; f^y fhey applied nitx-'Ogen in the forn of an'ioniain 
sj.lphate with three netnods of ao ^ lication, i.e., all basal, 
two splits and four splits. It was observed that due to 
the effect of treatments there were significant differences 
in the aver ge herbage and essential oil yields. Application 
of 150 Kg N/ha in the form of all basal gave the maximum 
average grass yield (43.27 Kg/ha) while 100 Kg Il/ha in two 
splits resulted in maximum average oil yield (79.57 Kg/ha). 
J^ \irthermore, these treatments had no effect on citral 
content. 
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The effect of nitrogen on the yield of lemongrass 
(Cymbopogon citratus) was studied by Prasad (1978) in 
Ghhotanagpur plateau (i3ihar). He applied three levels of 
nitrogen (O, 20 .and 40 Kg N/ha) in the form of urea. It 
was observed that the application of nitrogen affects the 
yield at first cut, third cut and also total yield 
significantly. At the first cut, increasing levels of 
nitrogen progressively increased the yield while the 
pattern of the results was not marked at the second and 
third cut harvested in the months of dry winter. However, 
total yield was remarkably enhanced with increasing levels 
of nitrogen. 
Effect of different levels of nitrogen on three varieties 
of lemongrass viz. OD-19 (Cynbopogon flexuosus), 3D-68 
(C_. flexuosus -lutant) and RliL-16 (£. pendulus) was studied 
by Nair et al. (1979cj) at OdakMali (Kerala). They noted the 
relative performance of these varieties and their response 
to three levels of nitrogen (O, 50 and 100 Kg N/ha) applied 
as ammonium sulphate. With regard to oil yield and citral 
content, 3D--68 proved best with OD-19 and RRL-16 following 
it in that order. However, RilL-16 gave the maximum 
percentage of essential oil. It was further noted that 
in all the three varieties, citral content was not 
increased proportionately by increased dose of nitrogen. 
Prasad and Mukherji (1980) studied the effect of 
nitrogen on herbage yield of lemongrass (Cymbopogon citratus) 
in Chhotanagpur plateau (Bihar) under rainfed conditionds. 
They applied three levels of nitrogen (O, 20, and 40 iig N/ha) 
^f7h.en the grasses were established well after one month of 
planting. It was observed that nitrogen treatment increased 
the herbage yield of lemongrass. The data of total herbage 
yield were obtained yearwise in 1976-77 and 1977-78 and 
were pooled for mean values. The first year study revealed 
that 20 Kg A/ha did not show any increase in the herbage 
yield significantly either over the control or 40 ICg N/ha. 
Howsoever, it was found in the second year of study (1977-78) 
as well as in pooled data that 20 and 40 Kg i\l/ha differed 
critically and the control gave significantly lowest values. 
The effect of nitrogen on herbage and essential oil 
yield of palmarosa (Cymbopogon martinii var. motia) was 
studied by Sharma e_t al. (1980) at Lucknow (U.P.). They 
applied three levels of nitrogen (O, 75 and 150 Kg N/ha) 
in three equal splits, i.e., at sowing, after second and 
third harvest of the crop. A spacing of 30 x 60 cm was 
maintained and four harvests were taken in a year at full 
flowering stage. It was observed that nitrogen application 
enhanced the green herbage and essential oil yield in all 
the harvests but the increase was significant in the first 
and fourth harvests which gave 75/'^  of the total yield of 
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the year, l^ 'urthermore, a significant linear response to 
nitrogen doses was obtained upto 150 Kg W/ha when the 
total yield of all the four harvests was taken into account. 
2.4.2 Phosphorus manuring of Oymbopogon spp.: Like nitrogen, 
the essentiality of phosphorus for plant growth and develop-
ment has been established for more than a century. Its 
significance for crop plants in general was described earlier 
(pp. 6-9). In some aromatic plants it seemed to influence 
tillering e.g., Java citronella (Cymbopogon winterianus) as 
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reviewed by Chandra (.1972) and Ganguly and ThWgarajan u977;. 
However, it may be admitted that not much attention has been 
paid to the requirement of phosphorus for these plants 
inspite of its basic importance. The available literature 
on this aspect is briefly revievj-ed below. 
Chandra (1972) studied the effect of phosphorus on 
herbage and essential oil yield of Java citronella 
(Cymbopogon winterianus) at Lucknow (U.P.). He applied 
three levels of phosphorus (O, 50 and 150 Kg PpOc/ha) in 
the form of superphosphate. It was observed that application 
of phosphorus showed significant enhancing effect on tiller 
production as compared with nitrogen and potassium. More 
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vinous growth and bigger clumps were obtained by phosphate 
application. It was further noted that more essential oil 
was produced by higher doses of phosphorus which similarly 
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affected the citronellal content. 
oamra et. al. (1977) studied the effect of phosphorus 
application on the fresh herbage and essential oil yield 
of palmarosa (G.ymbopo,s:on mart in ii var. motia) at Ludhiana 
(Punjab). Three levels of phosphorus (O, 50 and 100 Kg 
PpOp-/ha) were aoplied as superphosphate drilled before 
planting and in February during subsequent years. It was 
observed that phosphorus treatment did not show any 
significant difference either in herbage or essential oil 
yield. This was explained to be so because sufficient 
quantity of phosphorus was already present in the soil. 
The effect of phosphorus manuring on growth and yield 
attributes of palmarosa (Oymbopogon martinii var. motia) 
was also studied by Gupta et _al. (1978) at LTew Delhi. They 
applied three levels of phosphorus (O, 40 and 80 Kg PpOj-Zha) 
as superphosphate. It was observed that the effect of 
phosphorus application was non-significant for oil content 
and length of inflorescence. However, plant height, number 
of tiller/plant and weight of flowering tops were found to 
be affected significantly by 40 Kg 'S^O^/'^La.. 
Similarly, Prasad (1978) did not obtain significant 
effect of different levels (O, 20 and 40 Kg P20^/ha) of 
phosphorus on lemongrass (Cymbopogon citratus) in 
Chhotanagpur plateau (Bihar). On the other hand Prasad 
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and i'lukherji (1980) at the same place reported significant 
effect of phosphorus application on herbage yield of 
lemongrass (C,. citratus). In this study also the same 
three levels of phosphorus (o, 20 and 40 Kg 2^^ 5/-'^ )^ were 
applied basaliy. A progressive increase in herba^ ge yield 
was observed with increasing levels of phosphorus in the 
second year of study only when the effect of phosphorus 
was significant. It was also confirmed by the pooled 
data for two years. 
I'Jh ir:na e^ aJL. (I9o0) studied the effect of phosphorus 
applied at 50 1Q fpO^/ha and compared it with that of 
0 -g Pp0j-/ha (control) at ijucknow (U.P.). It xiras observed 
that phosphorus application increaned the herbage and 
essential oil yield of palmarosa (Oymbooogon martinii var. 
motia) at all the four harvests of the crop. The increase 
in the essential oil yield was 3«9, 1.2, 2.8 and 5.6 Ag/ha 
in first, second third and fourth harvests respectively. 
It was further noted that application of 50 Xg Pp0(-/ha gave 
an overall increase of l3o5 Kg oil/ha in a year and a 
return of Rs. 11.13 on each rupee invested on phosphate 
fertilisers. 
2.4.3 Potassium as a fertiliser for Gymbopogon spp.: Like 
nitrogen and phosphorus, potassium also occupies the same 
position with regard to its significance as an essential 
mineral nutrient to maintain healthy and normal growth of 
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the plants. Its significance for plant life has already 
been emphasised on pages 9-12. The work pertaining to 
the effect of potassium on performance of Qymbopogon spp. 
is very meagre. The available literature on this aspect 
does not show any definite trend as the results obtained 
are at variance with each other. The few available 
references are reviewed below. 
Chandra (l972) studied the effect of varying concen-
trations of potassium on herbj,ge and oil yield of Java 
citronella (Cymbopo.qcon winterianus) at Lucknow (U.P.). He 
applied three levels of potassium (O, 50 and 100 ICg KpO/ha) 
in the form of muriate of potash. It was noted that 
potassium application did not show any effect on herbage 
but it affected the oil content. The highest potassium 
level proved harmful for the high production of geraniol. 
However, medium supply of potassium promoted good quality 
oil production. 
Gupta et ga. (1978) studied the effect of potassium 
on yield and yield attributes of palmarosa (Cymbopogon martinii 
var. motia) at New Delhi. Three levels of potassium (O, 40 
and 80 Kg KgO/ha) in the form of muriate of potash were 
applied. It was observed that oil content and length of 
inflorescence were not affected by potassium application. 
However, plant height, number of tillers/plant and weight 
of flowering tops were increased significantly by 40 Kg ZpO/ha 
but the hit^ -^hest dose (80 Kg iC20/h.a) gave significantly 
decreased yields over 40 Kg/ha. 
The effect of potassium on yield of lemongrass 
(Qymbopop;on citratus) was studied by Prasad (1978) and 
Prasad and lukherji (1980) la Ghnotanagpur plateaa(Sihar). 
In each trial, tnreo levels of ootasoium at 0, 15 and 
30 ~^ ' O/.ia were apolied. It was found that potassium 
treatment did not show any significant increase in yield. 
i'he response of palmarosa to potassiun fertiliser 
was studied oy ohariia et_ al. (l9-0) at j-iuc^ n^ow v .P.)-
I'hoy apolied potas^ ia'^ i u 50 ^ "jO/'-a an., tie rejult ;as 
CO ipared with control (O r, .^O/o^). It fa noted that 
application of pofcas iar aid not a Toct t?ie nerox^e and 
oil yield of pal'iarosa (Oynoopo>":on a art in ii var. Liotia) . 
-urtJier, it was noted thit application oi 50 .j xi^ O/ha 
resulted in a loss of ''-. 12.15 per rupee spent. The 
reason for lack of response to potassiui wai sought in 
the high e^ cisting potassium status of the soil. 
2.4.4 Basal application of combined doses of nitrogen, 
phosphorus and potassium (uPxC) to Cymbopogon spp.: 
Traditionally crops are grox^ m x^rith combined dose of 
nitrogen, phosphorus and potassium for ideal growth and 
development. Judicious application of these nutrients 
was studied on a number of crops. The effect of these 
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fertilisers on Cymbopo^on spp. and other essential oil 
producing plants has not been studied in detail as compared 
to other plants. It has beexi reported by different workers 
fro-n time to time under different agro-climatic regions 
that the application of varying combined doses of nitrogen, 
phosphorus and potassium (iJPK) was found to be most 
effective to enhance iioroase aad es .ential oil yields of 
Cymbopogon winterianus (Joachim and Panditbesekera, 1953; 
Uatta and Virmani, 1964; /irmani arid Uatta, 1973; 
ChaLlerjee, 1977 and Ghatterjee and Ghosh, 1977); 
Qy ipopogon flexuosus (Pillay, 1961; jiohanly and .iisra, 1963 
and Ijair et_ aL, 1976); Cy''ioopo,;on pendulus (oingh and 
dtal, 1977 and Jin^h et_ al., 1977) and Gyiibopogon martinii 
(Ghosh and GhatLerjee, 1975; Dutta and Paul, 1976; 
Ghatterjee and Ghosh, 1977; Ghosh and Ghatterjee, 1977 
and riazarika and jSora, 1977). Jome important work in 
relation to INJPK requirements of Cymbopogon spp. has been 
reviewed below. 
Gupta eit al. (1969) recommended superphosphate and 
potash at 50 Kg/ha each of PpOc and KpO in single basal 
dose before plantation of Java citronella 
(Cymbopogon winterianus) at Haldwani (U.P.). In addition, 
nitrogen was applied at 80 Kg N/ha in four equal doses in 
the form of top dressing after each harvest. 
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The effect of varying doses of NPK fertilisers on 
herbage and essential oil yield of Qymbopogon winterianus 
xiras studied by Chandra (1972) at Lucknow ([!.?.)• He 
applied three levels of nitrogen (O, 100 and 200 Kg N/ha), 
three of phosphorus (O, 50 and 100 Kg P20t-/ha) and three 
of potassium (O, 50 and 100 Kg K20/ha)'. The sources of 
nitrogen, phosphorus and potassium were ammonium sulphate, 
double phosphate and muriate of potash respectively. The 
ef :'ect of different combinations of WPS on tiller production 
and oil quality (but not oil yield) was observed to be 
significant. It was further noted that a combination of 
higher doses of nitrogen and phosphorus alongwith medium 
supply of potassium vrCwXn beneficial for geraniol. On the 
other hand, for citronellal production, a dose consisting 
of high level of nitrogen together with medium level of 
potassium and little or no phosphorus proved effective. 
The fertiliser requirements of Java citronella 
(Gymbopogon winterianus) were also studied by Khan and 
Narayana (1972) at Bangalore(Kamataka). They applied 
farmyard manure at 15 t/ha, superphosphate at 310 Kg PpOc/ha 
and muriate of potash at 120 Kg KpO/ha before preparation 
of field. Moreover, 250 Kg N/ha was applied as urea in 
six equal doses per annum. One dose of urea was given 
soon after each harvest because stumps put out leaves 
very quickly after harvesting. It was found that,on an 
average, each harvest yielded about 6.25 t of fresh 
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herbage/lia containing about O.8/0 oil and so that the oil 
produced per harvest came to 50 Kg. 
Chandra (1973) studied the fertiliser requirements of 
Java citronella (Cymbopogon winterianus) under LuGknow(U.P.) 
conditions. In a 3 factorial lay out he applied combinations 
of iJPir having nitrogen as ammonium sulphate at 100 and 
200 Kg/ha; phosphate (P) at 50 and 100 Kg/ha as double 
superphosphate and potassium (K) at 50 and 100 Kg/ha as 
muriate of potash. It was found that the combination 
200 Kg NjlOO Kg P and 50 Kg 1 perjhectare proved ideal for 
production of good herbage and essential oil of citronella 
grass. 
The pattern of essential oil formation in relation to 
the application of M^K fertilisers in two species of 
Oymbopogon (O,. flexuosus and £. martinii) was studied by 
Ghosh and Chatterjee (1976a) under Burdwan (W.B.) conditions. 
They applied two doses of NPK, viz., iJ2cI'20^ 15 ^^^ ^^ 50'^ 40 
K,Q Kg/acre (N^QPQK^ and J^ 20"^ 16'^ 12 "^ ^ P®""^  hectare). It 
was observed that essential oil content was increased most 
during vegetative stages of both the species, i.e., at 
80-90 days. It was also noted that low dose of NPK 
increased the oil content whereas high dose reduced the 
oil content din'ing flowering and post flowering stages of 
development in both species. 
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In another study, Ghosh and Chatterjee (1976b) 
observed the effect of split NPK application on growth, 
development and essential oil content of the same two 
species of OymbopO|g:on under same local conditions. The 
fertilisers were applied in three instalments, i.e., dOfo 
at transplantation; 25/^  after 30 days of transplantation 
and the remaining 25/o just before flowering. The treatments 
consisted of a control without fertilisers and Mpc-Ppo^ ic; 
and IT^-QP^QZ;^^ Kg/acre (N.QPgKg and EpQP^gK^2 ^^ S P®^ hectare). 
It was noted that the lower dose of NPK increased vegetative 
growth and hastened flowering and fruiting in both 
C_. flexuosus and £. martinii. On the other hand the higher 
fertiliser level enhanced extension growth in G_* martinii 
only and inhibited flowering in G_. flexuosus. More dry 
matter was accumulated in C_. martinii while essential oil 
content was reduced in £. flexuosus only by the higher 
dose of NPK. Furthermore, growth performance was better 
and essential oil content higher in G, martinii which thus 
showed a higher response to NPK application than C. flexuosus 
The fertiliser requirements of Java citronella 
(Cymbopogon winterianus) were studied by Narayana et_ al. 
(1976) at Bangalore (Karnataka). It was noted that the 
application of 15 t of farmyard manure, 250 Kg of urea 
in six equal doses, 510 Kg superphosphate in two equal 
doses and 120 Kg muriate of potash in two equal doses 
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produced 150 Kg/ha of oil annually. The quality of oil, 
however, remained unaffected by the use of fertilisers. 
It T;ac also found that increasing the doses to 30 t of 
farmyard manure, 976 Kg of urea in six equal doses, 
625 '^<^g of superphosphate in two doses and 416 Kg of muriate 
of potash in two doses yielded about 390 Kg of oil/ha 
annually. 
Singh _ct_ al. (1976) also studied the yield and quality 
of oil of Cymbopogon winterianus in relation to manuring 
under Jorhat (Assam) conditions. They applied three levels 
each of nitrogeri, phosphorus and potar;^ ii;_^ i (O, 40 and 80 !-g/ha) 
in the form of urea, superohosph,i.te and muriate of potash 
res!)ectively in all possible combinations. I'G was observed 
that various treatm.ent combinations of xIPZ affected neither 
yield nor quality of the oil significantly. 
The effect of varying combinations of WPK on oil yield 
of palmarosa (Cymbopogon martinii var. motia) was studied 
by Hazarika and Bora (1977). They applied four levels of 
nitrogen (O, 40, 60 and 80 Kg/ha) and three levels each 
of phosphorus and potassium (O, 20 and 40 Kg/ha) in the 
form of urea, superphosphate and muriate of potash 
respectively in twelve combinations. It was observed that 
varying doses of NPK enhanced the total oil yield due to 
increase in herbage yield but had no significant effect on 
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oil content. They recommended application of N^QP.QK.Q 
to obtain best results under Jorhat (Assam) conditions. 
Yirmani et_ al. (1977a) worked on lemongrass 
(Cymbopogon flexuosus) in relation to mineral nutrients 
at Lucknow (U.P.)« It was suggested that lemongrass was 
a soil exhausting crop. In order to give encouraging 
results, it was preferable to use spent lemongrass in the 
form of compost at 2.5 t and wood ash at about 2.0 t/ha. 
It supplied sufficient amount of nitrogen and potash. It 
was also recommended to apply 30 Kg il, 30 Eg Pp^R ^•'^'^  
30 ICg KpO/ha as basal dose at the time of planting. They 
further recommended that 60 Kg fi/ha could be applied in 
3-4 split doses as top dressing during the growing season. 
Yirmani et. al. (1977b) also studied at Lucknow (U.P.) 
the fertiliser requirement of palmarosa grass 
(Cymbopogon martinii var. motia). A basal dose of 20 Kg N, 
50 Kg '^2^^ ^^^ ^^ -^ S KpO/ha was recommended in deficient 
soils. This basal dose was supplemented with 40 Kg W/ha 
in three split doses. It was also suggested that the 
mixture of nitrogen, phosphorus and potasium should be 
repeated at the time of appearence of fresh leaves each 
year. 
The effect of NPK fertilisers on the growth and 
essential oil content of Java citronella (Gymbopogon winterianus) 
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was studied by Ghosh and Chatterjee (1978) under Burd¥an(W.B.) 
conditions. They applied four combinations of NPK, i.e., 
^^100^25^20' ^ 150^50^^40' ^ 200^75^^60 ^ ^ =^ 300^1 OO^^O* " ""^^ 
observed that -'^ 2^00'^ 7S^ 60 P^ od'^ ced maximum growth and 
essential oil content. i4oreover, a spacing of 50 x 50 cm 
proved optimum for good growth and oil content. The 
quality of oil was also enhanced by the application of 
fertilisers. 
Gupta et_ al. (1978) studied the effect of fertilisers 
on yield, oil content and oil composition of palmarosa 
(Cymbopo,p;on martinii var. motia) as influenced by seasonal 
variations at liew Delhi. Nitrogen, phosphorus and 
potassium were applied at 0, 40 and 80 Kg/ha as urea, 
single superphosphate and muriate of potash respectively 
according to 3 partially confounded design. Of these, 
nitrogen was applied in three splits. Of the first one 
third nitrogen^half was applied together with the entire 
quantity of Pp'^ R ^^^ ^2^ ^^ planting and the remaining 
half one month after planting. The other two instalments 
of one third nitrogen each were applied in the succeeding 
year. The crop was harvested at a stage between 10 and 
21 day^of opening of flowers. It was observed that shoot 
length was increased by ^ 80"^80^80 ^^^ ^^ ^^^ ^ ° * show any 
effect on final yield of herbage and oil content. Appli-
cation of NQQEQ^K-Q increased the number of tillers and 
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yield of flowering tops. It was further noted that, due 
to hii;her values given by all yield attributes, maximum 
croo yield was recorded in the third cut among t^e three 
harvests. 
jrCect of „P- fertilisers on the yield and quality of 
esrenbial oJl of palinarosa iGjwipsi^oj^pn mart in ii var. mo tig) 
under the influence of seasonal variations was also studied 
oy jiazariha et al. (197^) at Jorhat (Assam). They applied 
i'our levels of nitrogen (O, 60, 90 and 120 JTg u/ha) and two 
levels eacn of phosphorus and potasoiu^n (O and 40 "g/ha) as 
urea, satjerpliosnhate and muriate of potash respectively in 
sixteen combinations including the control (IQP^IJ,). vitrogen 
was applied as top dressin';^  in two split doses, i.e., one 
after 15 days from the date of planting and the other in the 
middle of Jane. It was observed that, of the sixteen 
combinations, -Mpo-^ AO'^ S ^^^ "'60"^4-0^ 4^-0 registered maximum 
oil content (O.48/0). Geraniol coatent was higher (74.76;o) 
by applying N^QP^QK^Q as compared to i^'i 20^40^0 (^ 3.80,^ ). 
"^^120'^0'''^40 S^ -ve highest geraniol in oil (75.42/o) but very 
low oil content (0.59"/o). Therefore, U^QB.QK.Q was regarded 
to be the optimum dose to obtain maximum yield of good 
quality essential oil. liegarding the seasonal variations, 
October was reported the best time for harvesting. 
Datta and Paul (1978) studied the effect of fertilisers 
on the herbage yield and essential oil content of palmarosa 
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(GymbopOj'yon martinii var. motla) in a factorial confounding 
experiment at Shubneshwar (Orissa). They apnlied three 
levels each of nitrogen and phosphorus (O, 50 and 100 Kg/ha) 
and three levels of potassium (O, 25 and 50 Kg l(20/ha) 
singly and in combination. These treatments were aoplied 
in two splits after each harvest. It was ooserved that 
apolication of tfPK fertilisers enhanced the fresh lieroa'^ ;e 
yield over the control. Combination '^•^  00"^ 1 OC'^ '^ O y^ l^^ ^^ .^ 
hij;hest fresh herbage (47 b/ha) while control gave only 
22 t/ha fresh herbage. It was sug ;ested that still higher 
doses of mineral nutrients should also be tried to observe 
any mor-^  increase in the yield . 
liair et al. (1979|) reviewed the iLndings of trials 
on fertiliser requirements and stage of harvest of 
leraongrass (Qymbopogon flexuosus) conducted for a quarter 
of a century at Odakkali (Kerala). They emphasised that, 
in place of the earlier recommended dose of 100 Kg h, 
70 Kg P and 100 Kg K/ha/year, considerable siving could 
be made by applying 100 Kg N/ha in four split doses 
together with 2.0 MT of wood ash and 2.5 HT of organic 
manure composed of spent grass. 
2.5 Foliar application of mineral nutrients 
For more than a century foliar nutrition has fascinated 
plant physiologists, agronomists and horticulturists. The 
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technique of foliar application of mineral nutrients is 
comparatively simple. It was used initially for checking 
micronutrient disorders because these deficiencies in the 
field can be removed more easily by foliar sprays as 
compared to soil application. Application of different 
microonutrients by foliar sprays is an accepted practice 
for many crops and has been extended to macronutrients 
after the Second World War (Boynton, 1954; Wittwer and 
L'euoner, 1959; oould, 1963; Afridi and Wasiuddin, 1979; 
liair et_ a^., 19794). The technology has become an estab-
lished agricultural practice in the advanced countries 
and has received the attention of the entire farming world. 
Research v/orlc done so far in India suggests a potential 
for this technique as a supplement to basal application of 
nitrogen (Sadaphal and Das, 1966; De, 1971; Afridi and 
Wasiuddin, 1979). 
Considerable work has been done at Aligarh for more 
than a decade on the foliar nutrition of various crops 
by Afridi and associates, Samiullah (1971), Afridi and 
Samiullah (1975), Samiullah and Afridi (1975) and 
Qaseem et. al. (1978) working on barley; Khalique (1975) 
on barley, maize and lettuce; Afridi et al. (1978, a and b) 
on wheat; Naqyl (1976) and Naqvi et_ al. (1977) and 
Parvaiz (1979) on mustard and Inam (1978) and Abbas (1980) 
on triticale have established the significance and advantage 
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of foliar nutrition as a supplement to regular soil 
application of mineral nutrients. These workers have also 
recommended the proper stage of crop and dose of spray for 
optimal effect. 
Regarding the foliar nutrition of essential oil 
producing crops very little work has so far been done ;;hich 
is reviewed below. 
oains ct _al. (1977) compared the effect of apolicalion 
of two doses of nitrogen (75 and 150 /Cg N/ha) in soil and 
on loaves of i lent ha arvensis at ladhiana (Pur.Jab). It was 
found that 150 Ig x^ /ha was superior to 75 -I^ /^ha when 
applied through sojl. However, application of 75 I^g il/ha 
proved equally effective irrespective of neing applied 
fully through (i) leaves or (ii) soil or half through 
leaves and half through soil. The herbage yield was 
adversely affected particularly during second year when 
higher level of nitrogen (150 Kg W/ha) was applied through 
foliage. 
Mohan and Sharma (1978) compared the effect of basal 
with foliar application of nitrogen in late planted 
Japanese mint (Mentha arvensis) at Allahabad (u'.P.). These 
treatments consisting of 100 Kg i\[/ha and a no nitrogen 
control were applied in the form of basal plus (i) two top 
dressing or (ii) sprays in different combinations. It was 
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observed that highest herbage and essential oil yields 
(456.76 q/ha and 210.10 Xg/ha respectively) were obtained 
when most of the nitrogen was applied as a 3/ spray of 
urea with a very low basal level of nitrogen, i.e., only 
6.85 Ivg/ha. It V7as, therefore, concluded that foliar 
fer-4ing proved the best tool for getting hi:3ner essential 
oil AT-ield froM late planted Japanese mint. 
Singh ejb al. (1979) studied the split application of 
nitrogen through soil and foliage on the herbage and oil 
yield of Mentha citrata Ehrh. at Pantnagar (U.P.) They 
"ouid th it 120 /.g j/ha produced hig'nest lierbage 3.3 uell 
as oil .yields when tne sane level W8.s applied half through 
soil and the half oy foliar feeding. This combination 
also give highest dry matier yield. 
jBfficacy of foliar application of nitrogen on foliage 
and essential oil yield of geranium (Pelargonium graveolens 
L' Herit) was reported by Mohandass et. al. (I9c30) at 
Kodaikanal (T.J^.). They applied nitrogen in the form of 
urea as basal dos-e, top dressing and foliar spray. There 
were seven treatments of nitrogen comprised of two each 
of 30, 60 and 90 Kg/ha alongwith control. Foliar sprays 
of 15, 30 and 45 -^vg i\/ha were given as 1/^  solution of urea 
at 45 and 90 days after basal application. It was observed 
that 30 Kg N/ha (y2 basal and 72 in two foliar sprays) 
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produced highest herbage yield and oil content. Moreover, 
the quality of oil was also improved through foliar feeding, 
2.6 Leaf analysis 
This is a well known fact that for the ideal growth 
of a plant, mineral nutrients should be available in soil 
in sufficient quantities at proper stages of plant growth 
and development. Soil fertility can be controlled by 
applying those nutrients which limit plant growth provided 
that their identities are recognised. 
Plant analysis is one of the methods of assessing 
the nutritional status of plants by estimating mineral 
nutrient concentration in tissue samples. Leaf analysis 
is now been well recognised as a technique to solve the 
plroblems of assessing the requirement of nutrients. 
Thus, foliar analysis can serve as a guide to the 
chemical fertiliser needs of the soil in which the crop 
is grown. Corrective measures can be taken before 
potential mineral deficiencies seriously reduce the 
yield and quality of the crop. Moreover, it is based on 
the premise that the concentration of a nutrient within 
a plant is the best measure of the ability of the plant 
to extract the nutrient from the soil. In addition to 
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determine'nutrient levels associated with optimum growth, 
foliar analysis may be helpful in diagnosing a mineral 
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nutrient deficiency. 
The technique of foliar analysis has been used by a 
number of soil scientists and crop physiologists. Lagatu 
and i'la.\me (1930, 1934) studied the course of the absorption 
of nutrient elements under the influence of different 
factors controlling growth in relation to the added 
fertilisers. Foliar analysis was used by Chapman (1941) 
for determining the percentage of nitrogen, phosphorus 
and potassium in --.ried leaves of rubber plant, by V/ander 
and 3rode (1941) for potassium determination and by 
Lindner and harley (1942) for estimation of nitrogen in 
plant tissues. Later, the estimation of nitrogen, 
phosphorus, potassium and other inorganic constituents of 
leaf was performed by Lindner (1944). 
Similarly, Linidegardh (1943, 1947 and 1951) studied 
nutritional problems related with sugarbeets and cereals 
and recommended leaf analysis as a suitable tool for the 
estimation of nutritional status of the soil. He noted a 
positive correlation between the content of nutrient 
elements in leaves and vegetative growth. 
In India, this technique has been applied to different 
plants including essential oil yielding plants (Das, 1955, 
1959; Chandrasekhara and Sundara Rao, 1956; fianjan and 
Das, 1957; Stmdara Rao and Krish%->'^2^ 1963; Bhargava 
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and Motiramani, 1967; Mehrotra and Lehri, 1967; Ghosh 
and Ghatterjee, 1976; Dhakshinamoorthy at al., 1979; 
and Sabale, 1982). Likewise, at Aligarh also, the technique 
has been successfully applied in mineral nutrient studies on 
different crops including cereals, oilseeds and vegetables 
during the last two decades or so (Safaya, 1971; Samiullah, 
1971; iQialique, 1975; I'faqvi, 1976; Inam, 1978 and Abbas, 
1980). 
ilegarding leaf analysis of Gymbopogon spp. and other 
essential oil producing plants, very little work has been 
done on the mineral nutrient content in leaves. The 
available literature on these plants is very scarce and is 
reviewed below. 
Jishop et. al.. (1973) studied the mineral nutrient 
levels in celery (Api^ un graveolens L.) at Kentville, i\rova 
Scotia to determine the effect of fertiliser treatments 
on the levels of N, P, K, Ca and Hg in the leaf tissues. 
They took petioles of the yoimgest fully elongated leaves. 
It was noted that percentages of IT, P and K in celery 
generally reflected the application rates of these nutrients. 
Percentage of N and P increased with increasing rates of N; 
percentage of P and Ga increased with increasing rates of 
P, whereas with increasing rates of K the percentage of 
K increased but the percentage of Mg decreased. Further-
more, the ratio, relating to the percentage of a nutrient 
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in the lamin^ae to the percentage in the petioles, were 
similar irrespective of the application rate of the nutrient. 
The pattern of essential oil formation in relation to 
nitrogen content of two species of Qymbopogon was studied 
by Ghosh and Chatterjee (I976e) at Burdwan {'J.B.). They 
established the correlative control of essential oil forma-
tion during the different developmental phases of 
G_. fleatuosus and 0_. martinii var. motia. It xras observed 
that a decrease of total and protein nitrogen was associated 
generally vrith the increase of essential oil formation during 
reproductive stage. This decreasing trend ijatj not observed 
either in post- or pre-reproductive stages of development. 
Moreover, total and protein nitrogen contents increased 
appreciably during pre-reproductive stage of both the species 
and this trend also remained during post-reproductive stage 
of the plants. On the other hand, total and protein nitrogen 
decreased during reproductive stage while soluble nitrogen 
increased appreciably during this period in both the species. 
Dhakshinamoorthy et_ al. (1979) studied the nutrient 
uptake of geranium (Pelargonium graveolens) at Kodaikanal(T.N.). 
It was observed that nitrogen content was maximum (0.977?^ ) 
in the leaves as compared with stems, roots and petioles. 
The petiole was rich in phosphorus (1.125/'0 and potassium 
(0.80?S) while the concentration of Ca (1.60';0 and Mg (0.90f«) 
was highest in the stem. It was concluded that uptake of 
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nitrogen was maximum (18.20 Kg/ha) as compared to ^ 2*^ 5 
(9.21 Kg/ha), K2O (7.98 Kg/ha) and Ca(7.51 Kg/ha) 
Mg (4.82 Kg/iia). 
Gramman and McFadden (1979) studied the effect of 
r^otstocks on flower yield and leaf nutrient levels in 
different species of Rosa at Gainesville, Florida (U.S.A.). 
It was observed that rootstocks caused large differences 
in the levels of some mineral nutrients in the leaves. 
Rosa odorata was a superior accumulator of 1, and under 
conditions of relative low supply R. fortuniana and 
d.. odorata were good accumulators of U and A. It was 
further noted that these factors were related to flower 
yield. 
i-IcColl (1979) compared the foliar composition of 
Eucalyptus globulus and Quercus agrifolia growing together 
in the San Francisco Bay area, California (U.S.A.). It 
was noted that E. globulus had significantly higher 
concentration of manganese, calcium and sodium but 
significantly lower concentration of copper, iron, zinc, 
phosphorus, nitrate-nitrogen and Kjeldahl nitrogen as 
compared with 1^. agrifolia. Moreover, the two species 
did not differ with regard to potassium and magnesium 
concentration. The relative concentrations for ^. agrifolia 
were N> Ga> K> Mg> Na> P > I'M >Fe and for E. globulus.. 
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Ca> N 7K >Mg>Na> Ifc>P>Fe. Furthermore, correlations 
between species were statistically significant for concen-
trations of iron and calcium only. It was suggested that 
foliar analysis of one species could be used as an indicator 
for the other. 
jlore recently, the organic and inorganic conBbJtuents 
in G.vmbopo,g:on mart in ii was studied by Sabale (19G2) during 
di^Terent stages of growth. It was observed that the dry 
matter was maximum at mature and old stages when the 
moisture content decreased. In addition, phosphorus and 
potassium were maximum at early stages ox leaf development 
and decreased with increasing maturity. i-^he highest 
contents of nitrogen (2.5/o), phosphorus (0.25/") and 
potassium (l.d^ were found in very young leaves. It was 
concluded that the grass was nutritionally adequate for 
cattle feed on the basis of its mineral nutrients composition, 
2.7 Con eluding: remarks 
It is thus obvious from the foregoing review of 
mineral nutrient studies on Cymbopogon spp. and other 
essential oil yielding plants that firstly, inspite of its 
national importance, research work on essential oil yielding 
plants in general and Cymbopogon spp. in particular is 
scarce and merits greater attention. Secondly, the results 
of various workers are so diverse and controversial that it 
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appears almost impracticable to draw any firm conclusions 
regarding the optimal mineral nutrient requirements of 
the Oymbopogon group, particularly from the economic point 
of view. Thirdly, the work on foliar application of macro-
nutrients is also very scarce. It requires a thorough and 
systematic study to find out appropriate doses alongwith 
suitable growth stage for foliar application under different 
agro-climatic conditions. Fourthly, the work on leaf 
analysis of macronutrients is next to nil in this crop and 
provides a barren field of study for assessing nutrient 
levels associated with optimum growth. Lastly, the work 
on fertiliser economy using foliar spray technique in this 
crop is also meagre. 
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3. FIATERIAL MB MBTI-IODS 
fhe field trials described and discussed in the 
present thesis were conducted from 1979 to 1981 at the 
Aligarh iluslim University Botanical Garden, Aligarh, 
[Jttar Pradesh. 
5.1 Physiography and soil characteristics 
Aligarh, one of the fifty seven districts of [Jttar 
Pradesh and having an area of 5024 sq km, is situated at 
27 53' 1'^  and 74 4' ii and is 1d7.45 m above sea level. 
The soils found in this district are more or less 
similar in composition and appearence to those of the 
western Uttar Pradesh as a whole. The various types of 
soil found are sandy, loamy, sandy loamy and clayey loamy, 
the last one being the major and dominant type (Fig. 1). 
3.2 Climatic conditions 
Aligarh has a semi-arid and sub-tropical climate with 
hot dry summers and cold winters. The cold weather extends 
from the middle of October, after the close of the rains, 
to the end of March. The average temperature for December 
and January, the coldest months, is about 15°C and 13 C 
J l ooi l bynes oC Ali':;arli d i o t f i c t . 
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although the extreme minimum record is 2 C and 0.5 G 
respectively. The summer is very hot, the mean temperature 
for i'lay being 34.5°C and for June, 34°0 while the extreme 
maximum record is 45°G and 45-5 0, respectively (Fig. 2). 
The mean annual rainfall in the district is 847.30 mm. 
-•ionths from June to September receive more than 35 per cent 
of the rainfal (Figs. 3 and 4). fhere is some rain in 
winter also which is beneficial for "rabi" (winter) crops. 
The average annual precipitation for the years 1979, BO 
and 81 was 670.59 mm, 704.69 mm and 600 mm respectively. 
The meteorological data for the period of the present 
investigation were recorded at the Meteorological 
Observatory, Department of Physics, Aligarh Muslim 
University, Aligarh, and are presented in Figs. 5 and 6. 
3*3 Preparation of the field 
The soil of the experimental plots was analysed for 
its physico-chemical properties before transplantation of 
the slips at the Soil Chemistry Laboratory of the Indian 
Agricultural Research Institute, I\rew Delhi. The analyses 
are given in Table 1. 
The slips of lemongrass (Oymbopogon flexuosus var. 
flexuosus) were obtained from the Central Institute of 
Medicinal and Aromatic Plants, Lucknow and planted at 
Botanical Garden, Aligarh Muslim University, Aligarh to 
1-ontlily temperature v a r i a t i o n s in Alifjarh 
A t l G A R H 
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Observations from 1st week oft March to 3rd week of December 
FIG. 5 
Weekly variations in relative hu:iidity 
and rainfall noted durin"; the experimental 
period. 
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maintain a nursery. Before transplanting the slips, the 
field was thoroughly ploughed to turn the soil for maximum 
aeration. After 2-3 days, the field was levelled and 
4 sq m plots were prepared. At this stage a light irrigation 
was given to the plots to maintain proper moisture content, 
^fter 5-7 days of this irrigation, depending upon the 
prevailing weather conditions, the transplantation of the 
slips v^ as done by maintaining a spacing of 0.50 x 0.50 metre 
between the plants and rows. In each plot, fertiliser was 
applied by hand according to the treatment, followed by 
transplantation of fourteen slips per plot. 
3.4 Jilxperiment 1 : 
The first experiment was conducted on a sandy loam soil 
in 1979. The physico-chemical ana"'ysl of the soil is given 
in Table 1. 
The experiment was designed to stud;/" the effect of 
eight levels of basal nitrogen on growth, yield, essential 
oil content and quality and nutrient contents in leaves of 
lemongrass. The aim of the experiment was to establish the 
optimum nitrogen dose under local conditions. In a simple 
randomised block design, commercial grade iirea was applied 
at the time of transplantation of the slips according to 
the scheme of treatments given in Table 2. 
Table 1. Physico-chemical characteristics of surface soil of 
the fields (Experiments 1-5)« 
Y E A R 
Characteristics 
1979 1979 1979 1980 1981 
Expt. 1 Expt. 2 jBxpt. 3 Expt. 4 Expt. 5 
1. Texture Sandy Sandy Sandy Sandy Sandy 
loam loam loam loam loam 
2. Particle size 
distribution 
Sand fo 46.00 47.00 46.50 47.50 48.00 
Silt /o 37.00 36.50 37.50 37.00 36.50 
Clay 'fo 17.00 16.50 16.00 15-50 15.50 
3. pii (1 :2) 8.2 8.2 8.2 8.1 8.3 
4. Conductivity 
E.G. (1:2) 0.30 0.30 0.30 0.20 0.20 
(m mhos/cm) 
5. Calcium „., .-.-, ,,,. ^  ,.. , Tr. , 
carbonate ^^^ ^^^ ^^^ ^^^S^ ^ig^ 
6. Available 
nitrogen » I63.OO 166.17 169.30 167.74 169.30 
(Kg N/ha) 
7. Available 
phosphorus 57.24 16.60 67.60 5.37 5.37 
(Kg P/ha) 
8. Available 
potassium 1002.82 1077.44 935.20 962.00 IO64.OO 
(Kg K/ha) 
Table 2. Summary of Experiment 1 (1979). 
i5.No. Treatment Basal fertiliser dose 
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N.B. Calcium superphosphate and muriate of potash at 
75 Kg Pp^^ ^^^ ^^ ^ S KpO/ha were added uniformly 










Phosphorus and potassium at 75 i^g -^2^5 ^^^ ^^ ^^ 
KpO/ha in the form of superphosphate and muriate of potash 
respectively were applied uniformly. Thus in all, there 
•were eight treatments (each with three replicates) and 
twenty four plots. Transplantation of the slips was done 
on April 8, 1979. The field received seventeen irrigations 
between transplantation and third cut. The crop was finally 
harvested (third cut) on December 8, 1979. //eeding was done 
ten times during the entire course of growth of the crop. 
The first, second and third cuts were taken at 120, 180 ana 
240 days from xhe date of transplantation respectively. 
9.5 Experiment 2 
The second field experiment was performed simultaneously 
with the first experiment In. 1979. The physico-chemical 
analysis of the soil is given in Table 1. 
I'he aim of this field experiment was to find out the 
optimum basal dose of phosphorus for growth, yield, essential 
oil content and quality and nutrient contents in leaves of 
lemongrass under local conditions. 
In a simple randomised block design, calcium super-
phosphate was applied to the soil at the time of transplan-
tation of the slips according to the scheme of various 
treatments given in Table 3- Nitrogen and potassium at 
150 Kg N/ha and 60 Kg KpO/ha in form of urea and muriate 
Table 3- Summary of Experiment 2 (1979). 
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N.B. Urea and muriate of potash at 150 Kg N/ha and 
60 Kg K20/ha were added tmiformly to the soil 










of potash respectively were also aoplied uniformly. Thus, 
the treatments comprised eight basal levels of phosphorus, 
each replicated thrice. 
The details of the number and size of plots, number 
of slips per plot, spacini^ , weeding as well as tine of 
transplantation 77ere the sane as in Experiment 1 . The crop 
was finally harvested on JJecemoer 9, 1979-
3.0 Experiment 3 
The t/iird experi;iient was also conducted in 1979 to 
study the effect of basally applied potassium on growth, 
yield, essential oil content and quality and nutrient 
contents in leaves of lemongrass. L'he physico-caemical 
analysis of the soil of the field is given in Table 1. 
The aim of this experiment was to assess the optimum-
dose of potassium dose of potassium under local conditions. 
In a simple randomised block design, eight levels of 
potassium in the form of muriate of potash were applied 
to the soil at the time of transplantation of the slips. 
The summary of the treatments is given in Table 4. Nitrogen 
and phosphorus at 150 Kg i\i/ha and 75 Kg PpO^ -Zha in the form 
of urea and superphosphate respectively were applied 
uniformly. Thus, there were eight treatments, each repli-
cated thrice and twenty four plots in all. The other 
cultural practices were the same as discussed in Experiments 
Table 4. Summary of Experiment 3 (1979). 
Basal fertiliser dose 
o.i^ o. Treatments 
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N.B. Urea and superphosphate at I50 Kg N/ha and 
75 Kg PpOc/ha were added uniformly to the 










1 and 2, except that the third cut was taken on December 10, 
1979. 
3.7 Experiment 4 
The fourth experiment was conducted in 1980. The 
physico-chemical analysis of the soil of the field is 
given in Table 1. 
The aim of this experiment was to find out the best 
combination of basalfer apolied nitrogen, phosphorus and 
potassiu'i (Lii?K) for growth, yield, essential oil content 
and equality and nutrient contents in leaves of lemon^ 'jrass. 
In a simple randomised block design, urea, superphos-
phate and muriate of potash were apolied to the soil at the 
time of transplantation of the slips according to the scheme 
of various combinations of nitrogen, phosphorus and potassium 
(NPK) given in Table 5. In all, there were twenty eight 
treatments each replicated thrice^and eighty four plots. 
Transplantation of the slips was done on I'larch 1, 1980. The 
size of the plots, number of slips per plot and spacing as 
well as duration allowed for harvesting were the\same as 
given in previous experiments. The field received eleven 
irrigations between transplantation and third cut. The 
crop was finally harvested on November 1-3, 1980. Weeding 
was done seven times during the entire course of growth of 
lemongrass. 
Table 5. Summary of Experiment 4 (1980). 
3 .^Jo. Treatments 
































No ^0^0 ^ ^1^ 
^250 -^ 100 ^ 120 
^250 -^ 100 ^ 160 
^250 -^ 100 ^ 200 
^250 ^125 ^120 
^250 ^125 ^160 
^250 ^125 ^200 
^250 -^ 150 ^ 120 
^250 ^150 ^ 160 
^250 -^ 150 ^ 200 ' 
^300 ^100 ^ 120 * 
^300 ^100 ^ 160 * 
^300 -^ 100 ^ 200 * 
^300 ^125 ^120 ^  
^300 -^ 125 ^ 160 ^  
^300 -^ 125 ^ 200 ^  
^300 -^ 150 ^ 120 ^  
•^ 300 -^ 150 ^ 160 ^  
^300 ^150 ^ 200 ^  
^350 -^ 100 ^ 120 ^  
^350 ^100 ^ 160 ^  
^350 -^ 100 ^ 200 ^  
•^ 350 -^ 125 ^ 120 ^  
^350 ^125 ^160 ^  
^350 -^ 125 ^ 200 ^  
^350 ^150 ^ 120 ^  
^350 ^150 -^ 160 ^  
^350 -^ 150 ^ 200 ^  
================= 
Treatments (Basal) : 28 
Variety : 1 
Replications : 3 





























































































































3.8 Experiment ^ 
This last experiment was conducted in 1981 . The 
physico-chemical analysis of the soil of the experimental 
field is given in Table 1. 
The aim of this experiment was to investigate the 
feasibility of effecting fertiliser economy with sub-optimal 
basal combined dose of nitrogen and phosphorus (ilP), supple-
mented by the foliar spray treatments of nitrogen and 
phosphorus alone and in combination. 
In a split plot design, nitrogen and phosphorus were 
applied in two doses, one consisting of 300 1^ xT/ha plus 
150 -c^g PjOc/ha and the other, 150 Ag il/ha plus 75 At!> ^2^5/'^^' 
as optimal and sub-optimal basal doses respectively compri-
sing two main plots. Muriate of potash was applied uniformly 
at 160 Kg KpO/ha. Spray treatments (split plots) consisted 
of 5, 10 and 15 Kg H (as 2.0/o urea) and 2, 4 and 6 xCg PgO^ 
(as 0.2/0 sodium dihydrogen orthophosphate) per hectare given 
singly and in all possible combinations. The sprays were 
applied twice at two stages of growth, i.e., eighty days 
after transplantation of the slips and forty days after 
first cut. The controls were sprayed with deionised water 
only. The treatments are summarised in Table 6. Thus in 
all, there were sixteen spray treatments (including the 
control) and two basal doses as explained above. Each 
Table 6. Sununary of Experiment 5 (1981). 
S.No. Sub-plot treatments 
(spray) 
:-ain plot treatments (Basal) 
Optimum level of N and P Sub optimum level of K and P 
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^300 -^ 150 sprayed with 
deionised water 
N500 -^ 150 sprayed with 
5 Kg N/ha only 
^300 ^150 sprayed with 
10 Kg W/ha only 
^^ 300 -^ 150 sprayed with 
15 Kg N/ha only 
N-^ QQ i*-](5o sprayed with 
2 Kg P^O^/ha only 
^300 -^ 150 sprayed with 
5 Kg N and 2 Kg PgO^/ha 
^300 -^150 sprayed wi th 
10 Kg N and 2 Kg PgO^/ha 
N3OO -^ 150 sprayed with 
15 Kg N and 2 Kg P20c/ha 
N3OO -^ 150 sprayed with 
4 Kg PgO^/ha only 
N3OO ^150 sprayed with 
5 Kg N and 4 Kg P20^/ha 
N3OO -^ 150 sprayed with 
10 Kg N and 4 Kg P20e/ha 
N3OO ^150 sprayed with 
15 Kg N and 4 Kg PgO^/ha 
N3OO -^ 150 sprayed with 
6 Kg P20^/ha only 
N3OO -^ 150 sprayed with 
5 Kg N and 6 Kg PgO^/ha 
N,QQ P^cQ. sprayed with 
10 Kg N and 6 Kg P205/ha 
N3OO ^150 sprayed with 
15 Kg N and 6 Kg P20^/ha 
N^cQ 1^ 75 sprayed with deionised 
water 
N^^Q Py^ sprayed with 
5 Kg N/ha only 
N^^o 1*75 sprayed with 
10 Kg K/ha only 
^^ 150 "^ 75 sprayed with 
15 Kg N/ha only 
H^ t-Q Pyj- sprayed with 
2 Kg P205/ha only 
^150 ^75 sprayed with 
5 Kg N and 2 Kg P20^/ha 
•^ 150 "^ 75 sprayed with 
10 Kg N and 2 Kg P205/ha 
N.(-Q Pyc sprayed with 
15 Kg N and 2 Kg P20^/ha 
N.c-Q Pryc sprayed with 
4 Kg P20c/ha only 
N^cQ ^75 sprayed with 
5 Kg N and 4 Kg PgO^/ha 
N^cQ -P75 sprayed with 
10 Kg N and 4 Kg ^205/1^ 
^150 "^ 75 sprayed with 
15 Kg N and 4 Kg P20^/ha 
^150 -^ 75 sprayed with 
6 Kg P20^/ha only 
•^ 150 ^ 75 sprayed with 
5 Kg N and 6 Kg P20^/ha 
^150 "^ 75 sprayed with 
10 Kg N and 6 Kg P20^/ha 
N^^Q -^ 75 sprayed with 
15 Kg N and 6 Kg P20^/ha 
N.B. Muriate of potash at 160 Kg KpO/ha was added uniformly to the soil before transplantation, 
Treatments 










•treatment was replicated thrice a»d thereby bringing the 
total number of plots to ninety six. 
The size of the plots, number of slips per plot and 
spacing were the same as given in previous experiments. 
Transplantation of the slips was done on rlarch 15, 1981. 
The field received eight irrigations between transplan-
tation and second cut, i.e., final harvest on September 
15-17, 1981. ./eeding was done five times during the entire 
course of growth of lemongrass. The first and second cuts 
were taken at 110 and 180 days from the date of transplan-
tation of the slips respectively. 
3.9 Sampling technique 
Sampling was done three times at three cuts (harvests) 
in Experiments 1 to 4. In Experiment 5, it was performed 
twice, one at 110 days and other at 180 days after 
transplantation. Random sampling of three plants was 
carried out from each plot to study the growth and yield 
characteristics, essential oil quality and nutrient contents^ 
The percentage of essential oil was determined by the 
extraction of fresh lemongrass leaves with the help of 
Clevenger apparatus through steam distillation. For the 
quality of the essential oil, it was processed by gas 
chromatography. 
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3.9.1 (rrowtia characteristics: The following growth 
characteristics were studied: 
( i ) Culm nuraber per plant 
( ii ) Leaf number per plant 
(iii) Shoot length per plant 
( iv ) Fresh weight per plant 
( V ) Dry weight per plant, 
5.9.2 rield characteristics and essential oil quality: 
After each cut, the following yield and oil 
quality attributes were noted: 
( i ) Herbage yield per hectare 
( ii ) Percentage of essential oil (v/iv) in leaves 
(iii) Oil yield per hectare 
( iv ) Oitral content (/S) in oil 
( V ) Citral yield per hectare. 
5.10 Nutrient contents 
Leaves were analysed after each cut for assessing 
the nutritional status of the plants regarding: 
( i ) Percentage of nitrogen 
( ii ) Percentage of phosphorus 
(iii) Percentage of potassium. 
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3.10.1 Leaf analysis ; Leaf analysis is now an 
established practice for assessing the nutritional status 
of the plants (Lundegardh, 1951)- ^he three plants in 
each sample were wiped free of any adhering dust. The 
fresh vreight of the shoots was taken. The samples were 
dried for twenty four hours in an oven at 30 0 and their 
dry weight was talcen thereafter. The leaf blades were 
powdered finely and passed through a 72 mesh screen. The 
pojder was stored in polythene bags, lebelled and kept for 
analj'sis. 
ihe leaf powder was kept at 70 J o^ Aernigght and dijested 
Jor its .,P7 content according to the method of Lindner (1944)^ 
100 mg of the dried leaf poijder of each sample was 
T/eighed and carefully traasferred to a 50 ml rcjeldahl flask. 
It was wet ashed in 2 ml of chemically pure sulphuric acid 
and digestion was continued for about two hours. Dense 
fumes were given off at this stage and the contents turned 
black. The flasks were cooled for fifteen minutes. After 
cooling 0,5 ml of chemically pure 50 per cent hydrogen 
peroxide was added dropwise and the solution was heated 
again till the colour of solution changed from black to 
light yellow. After heating for about thirty minutes, the 
flasks were kept for cooling for ten minutes and, to get 
the contents clear and colourless, three or four additional 
63 
drops of 30 per cent hydrogen peroxide added in like manner 
followed by gentle heating for about fifteen minutes. Care 
was taken in the addition of hydrogen peroxide because its 
excess night oxidise the ammonia in the absence of organic 
matter. 
The peroxide digested material was diluted with double 
distilled water and transferx-ed witx] 5 or 4 v/ashings to a 
100 ml volumetric flask and volume made up with distilled 
water. Corresponding aliquots, for determing nitrogen, 
phosphorus and potassi\im, were taken, frdn these sulphuric 
acid- peroxide digested samples. i'he metnods employed for 
estimation of these elements are briefly descrioed below. 
5.10.1.1 I'litrogen: The nitrogea content of the sample 
was estimated according to Lindner (1944). -1 10 ml aliquot 
of the peroxide digested material was taken in a 50 ml 
volumetric flask and the excuss of acid partially neutralised 
with 2 iiil of 2.5 ii sodium hydroxide. To this, 1 ml of 10 
per cent sodium silicate was added to prevent turbidity. 
After making up the volume, 5 ml aliquot of this solution 
was taken in a 10 ml graduated test tube and 0,5 ml of 
Nessler's reagent was added dropwise, mixing thoroughly 
after the addition of each drop. Distilled water was 
added to make the volume upto 10 ml and the contents were 
allowed to stand for 5 minutes for maximum colour development. 
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The solution was then transferred to a colorimetric tube 
and the optical density measured at 525 nm on a "Spectronic 
20" colorimetre. A blank was run with each set and the 
amount of nitrogen in the aliquot was read from a calibration 
curve, obtained using known dilutions of a standard ammonium 
sulphate solution. 
3.10.1.2 Phosphorus: Total phosphorus in Ihe sulphuric 
acid-peroxide digest was estimated by the method of Piske 
and oubba Row (1925). ^ 5 ml aliquot was taken in a 10 li. 
graduated tube and 1 ml molybdic acid (2.5 per cent ammonium 
molybdate in 10 1>J il^ oO.) was added with c ire followed by 
0.4 ml of 1,2,4-araino nephtha-salphonic dcid. The colour 
turned to Dlue. Distilled water was ther added to the blue 
solution to make the volume upto 10 ml. xhe solution was 
mixed thoroughly, kept to stand for 5 minutes and then 
transferred to a colorimetric tube. The optical density 
was read at 620 nm with the help of a "Jpectronic 20" 
colorimeter. A blank was run for each set. The standard 
curve was prepared byusing known concentration of monobasic 
potassium phosphate solution. 
3.10.1.3 Potassixua; Potassium was estimated flame 
photometrically. A 10 ml aliquot was taken and it was 
read by using potassium filter. A blank was run side by 
side. The reading was compared with a calibration curve 
plotted for different dilutions of a standard potassium 
sulphate solution. 
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3.11 Essential oil extraction and estimation 
It was done with the help of Clevenger apparatus. This 
is a continuous distillation apparatus in which the separated 
volatile oil is caught in a trap and determined by volume. 
The apparatus consists of distillation flask, still head, 
graduated measuring tube, levelling tube and return flow 
tube togetherwith a condenser fitted in one piece. 
The grass was chopped into shorter lengths in order 
to get the maximum quantity of oil. Moreover, chopping had 
further advantages that more grass could be charged into the 
distilling flask and even packing was facilitated. After 
pacj£ing witn the grass, water was added to tiie distilling 
flask and it was then coi ecteu ',o Ihe still head. Before 
heating the distilling flask, water was run into the 
graduated receiver keeping the tap opened until the water 
overflowed. Air bubbles in the tube were carefully removed 
by pressing the tube. The contents of the flask were now 
heated using a heating mantle. The distillation was continued 
at a rate which kept the lower end of the condenser cool by 
the continuous supply of tap water with the help of the rubber 
tubings. After sometime, steam was formed in the distilling 
flask. The mixture of water vapours and essential oil passed 
into the condenser. As the distillation proceeded, the 
distillate collected in the graduated part of the receiver. 
The oil being lighter than water and insoluble in it, floated 
68 
on the top of the receiver. 
At the end of 90 minutes heating was discontinued, 
the apparatus was allovred to cool for 10 minutes. As soon 
as the entire quantity of oil had entered the graduated 
part of the receiver the volume was read. The measured 
a.movcnt of essential oil was taken to be the content of 
essential oil in the grass. fhe content of essential oil 
was expressed as a percentage on v/w basis. 
5.12 Oitral content 
-Che citral content war; estimated in the essential oil 
oj gas chi'omatography. reparation was performed by elution 
Method in which a stream of carrier gas was passed through 
the column. A sample of essential oil was injected into 
the carrier gas as a "plug" of vapour which was swept into 
the head of the packed chromatographic column, i/hen in the 
gas phase the components were moved toward the column outlet, 
but they were selectively retarded by the stationary phase. 
Consequently, all components passed through the coluimi at 
varying speeds and emerged in the inverse order of their 
retention by the column materials. Upon emerging from the 
column, the gaseous phase immediately entered a detector 
attached to the column, here the individual components 
registered a series of signals which appeared as a succession 
of peaks above a base line on the chromatogram. The area 
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under the peak was a quantitiative indication of the 
component; the time lapse between injection and emergence 
of the peak served to identify it. Finally, the citral 
content was calculated by knowing the peak areas of citral, 
the main component of lemongrass oil, and other peak areas 
of various components given in the chromatogram. The 
citral content was obtained when peak area of citral was 
divided by total peak areas of all the components and 
multiplied by 100 to determine the percentage of citral. 
In addition, the conditions used for the estimation 
of citral in oil by gas chromatography vere ao follow: 
Golu.in 
C a r r i e r gas 
Fuel 
De tec t ion 
Temperature 
dample s i z e ; 
111 "^ /^ 
^jitrogen 
iiydrogen 
i ' lD 
140°C 
0 . 5 / ^ 1 . 
3»13 otatistical analysis 
The experimental data were statistically analysed by 
adopting analysis of variance techniques according to Panse 
and Sukhatme (1967). The most rigrous "xi"' tests were 
followed in whicL the error due to replicates was also 
determined. When "£"' value was found to be significant 
at the 5 per cent level of probability, critical difference 
(CD.) was also calculated. The models of the analysis of 
variance (AWOVA) are given in Table 7. 
Table 7. Models of the Analysis of Variance (ANOVA) 
Simple randomised design (Bxpts. 1-3) 










Split plot design (Expt. 5) 
Replication 2 
Main plot treatments 1 
Error (a) 2 
Sub-plot treatments 15 
Main plot treatments x .^ 
Sub-plot treatments -^  
Error (b) 60 
Total 95 
EXPERIMENTAL RESULTS 
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Exper imen t 1 
ExperiTiont 2 
Expe r imen t 3 
ExperiiTient 4 
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4. EK'PERIl'iMTAL RESULTS 
4.1 Experiment 1 
In this field experiment, the efTect of eight levels 
of basal nitrogen on growth, yield and essential oil 
content, es-ential oil quality and nutrient contents of 
leaves of lemongrass (Cymbopogon flexuosus) i.^as investigatec 
i^he data are briefly described below and are sumnarised in 
Tables 8-11. 
4.1.1 Growth; G-rowth characteristics, studied at 
three cuts (harvests), included cul'a and leaf number, shoot 
length, fresh weight and dry weight/plant (Table 8). It 
was observed that the effect of treatment was significant 
at all three cuts for all the growth parameters, except 
shoot length at first cut. 
4.1.1.1 Culm number; N application increased culm 
number significantly at all the three cuts. Of the eight 
levels, N,QQ, i.e., 300 Kg N/ha (T.) produced maximum 
number of culms at first and third cuts whereas NpcrQ, i.e., 
250 Kg N/ha (T^) did so at second cut. The increase was 
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third cuts respectively. Most of the values recorded for 
the treatments differed critically from each other at all 
the three cuts. However, iSlgRO ^^3^ ^^'^ ^^ 500 '^"'"'s^  ^^ well 
as W^QQ (Tg) and I^ I^ Q^ ('1'^) at first cut; ^ 200 ^'^2^ '^^ ^ 
N^QQ (T^) as well as K^^Q ( T ^ ) , N^^Q (T^) and ^^QQ (TQ) 
at second cut, and il^ Q^ ('-C^  ) and N2QQ (Tg), N^^Q (T^) and 
E.QQ (Tg) as well as W.^Q (Tg) and N^^Q (T^) at third cut 
showed equal effect. 
4.1.1.2 Leaf number; Like culm, loaf production also 
was favoured oy different S treatments at each cut. A 
progressive increaoe in the number of leaf/plant was recorded 
ar: the Tertiliser dose was increased from W-tcn i'£^) to 
N^^Q i'i^ A) at first and third cuts while it was so upto 
Kpp-^  (T-Z) at second cut. The increase was 75•76, 60.95 and 
55-37/0 over ^Ucn (f'l ) due to these levels at first, second 
and third cuts respectively. The values for treatments 
differed critically from each other at all the three cuts, 
except ^200 '^^ 2'* ^^^ '^^2'50 ^ "^ 3^  ^^ well as ^AQQ (Tg) to 
^500 ^^8^ ^^ ^^^^'^ °^ "^ ; i^ 150 -^^ l^  ^ "^^ ^^ 200 ^^2'*' ^^ 200 ^^2^ 
and N^QQ (T^) as well as N^^Q (T^) to N^QQ (TQ) at second 
cut, and N^^Q (T^) and N^^Q (T^) as well as N.QQ (Tg) to 
^500 "^'^ S^  ^ ^ third cut. 
4.1.1.3 Shoot length; The treatments had significant 
effect on shoot length only at second and third cuts. It 
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was noted that ^2^0 ^^3) ^'^ second cut and J-^ Q^O ^'^4^ ^^ 
third cut gave the tallest plants. The increase over 
N^ r-^  (T, ) due to these doses was 23.05 and 40.85:;^  at second 
and third cuts respectively. The values for many treatments 
did not differ critically when compared with each other. 
4.1.1.4 1^ 'resh weig:ht: ..ost of the treatments showed 
a significant increase in fresh weight over --^CQ (T. ) at 
eaca cut. To cite the best effect, ^^-T^QQ (T.) gave 84.46 and 
53*02/0 nigher values than those of W-|CQ (i'^ ) at first and 
third cuts respectively while NoRO ^^'^^ showed 65.31/S 
increase over K^CQ (T.) at second cut. The values for all 
treatments differed critically from one another at eacn cut, 
except iJ^ Q^ (T^), N^QQ (Tg) and K^QQ (IQ) as well as N^QQCT^) 
to W[-QQ ('^ Q^) at first cut; i^ ^^cQ (T.) and -''-Q. (TQ) as well as 
-1^ 200 ^ '^ V^  ^^'^ ^^ 300 ^"^4^ '^^ second cut, and i^-jcQ (T.) and 
^00 ^^ ^^ 8^ ' ^^ 200 ^^2^ ^ d %00 ^^ -^ 8^^ ' ^ ^^ 200 ^^^2^ ^^^ ^ '450 ^^7^ 
as well as ^ '^ 2^^0 ^'^'^'^ ^^'^ •'"Voo '^•'•6'' ^ * third cut. 
4.1.1.5 Dry weight; Like fresh weight, most of the 
treatments produced significantly more dry matter than 
•^ 150 '^^ 1^  ^^ each cut. At the first and third cuts, N,QQ (T,) 
showed the highest increase over IUCQ ('^A) whereas at the 
second cut the effect of ^2^0 (T-v) was best. 
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4.1.2 Yield and essontial oil content; The effect 
of various tredtiaents was noted to be significant at all 
three cuts for all the yield attributes. The data are 
presented in Table 9 and are discussed briefly below. 
1.1. .1 e^bx, .e yield: All tre t-^ .ents :,"IVP sii^ n^i-
I'lcaritly hajb-^ r neroj. e yield over ^ -i c j ( T. ) . The paxinuj 
ner aje yield was registered for tlje treatiient -. (-'4) 
it first and tnir'^  cuts whereas ^^OCM ^ '-<) ^^'^^ nii?-?iest 
value at second cut. The increase over .^ ^'-0 °-^ ®^ '^'^ 
these levels i/as 1J5-2/, 69.5-J and 49.21,^ it first, secoad 
and t IT rd cuts respectively. L\ie value"; differed crjtlccilly 
witn those for ut^e other Irratieat^, e .cept ., ,-^  (Ti_ ) in; 
i^ j-,-, (T. ), ^[-^ '^^7' '-'-'^'^  -^ '^ 00 "^'"8^  ^^ second en L, and 
M 5 0 ^'^l^ ^^^ ^200 "^^2^' "^250 ^^j;-^' "450 ^^V^ '^ ^^  '^500 '^-^ 3^  
as well as lI-^ qQ (TJ-) and -'/Q^ A (^ g^) .^t tbird cut. ii'urther^ nore, 
the cumulative ef *ect for all the tnree cuts was also found 
significant, xiere, J-'^'VQQ (T.) gave the maximum total nerbage 
yield and the value differed critically v/hen compared witn 
other treatments, except -^^^CQ •^'^ 7'' ^^^ ^^ 500 ^^8^' ^^® 
increase was 68.87^ over -^'^CQ ('^'1) due to this treatment. 
4.1.2.2 Essential oil content; The treatments 
exhibited a significant effect on essential oil content. 
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outs. The increase in oil content over N^co (^i) due to 
this level was 27.10, 29.09 and 33-12;^ at first, second 
and third cute respectively. '^ 200 '^"^'2'' ^ ° "^^ 400 ^'^6^ ^''^ 
first cut; J^5Q (T^) to W250 '^^^'^' "^200^ '^ '2^ ' ^ 2^50 ^ ^3^ 
and i}[^Q(3 (i\-.) as well as 11250 ^"3^ ^ ° -^ 400 ^'^6^ ^^^^^ ^ ^00 
(T^ )^ at second cut, and rJ^ Q^ (T^ ) to K^^Q (T^) as well 
as ...^ Q^ (.D^ ), -i^ QQ ('rg) anrl 1.^ ^^  (Tg) at third cat proved 
at par in their effect. 
^.1.2.3 Essential oil yield: Like herbage jleld/na., 
the computed eioential oi] ;. i'^ Id :7;iS also fu ir r' i:o b? 
•" j„-e-.;ed sio'nificaatly by '. application. '''"AQ ^'^A'^ '"^^ 
first and third cuts and J^ JpcQ i'-^:-) at second cut gave 
maximufii essential oil yield. I'iie increase over i'^ c^r, ('•^•1) 
due to N^QQ (T.) was 97.40 and 72.65'/^  at first and third 
cuts respectively and 34.50/o due to dose Wpcrp, (T^) at 
second cut. Regarding other treatments, it was noted that 
and ^czQQ ('^ 8^  ^^ third cut gave equal values while at 
second cut most treatments showed equal effect. Considering 
the cumulative effect, N^QQ (T.) gave highest essential oil 
yield based on the total of all three cuts, being 65.53/^ 
more than N^^o ('-^ i)* "^ he values given by other treatments 
differed critically with each other, except M ^ C Q (T-^) and 
4QQ (Tg) and K^^Q (T^) at first cut and I^^QQ {T^) , NJ^QCT^) 
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4.1.3 Essential oil quality: The various levels of 
LI gave a significant increase in citral content and computed 
oitral yield per hectare over rl-jqp, (T>| ) at all the three 
cuts (Table 10). The maximum citral content was recorded 
v;ith iWo,(^  ('^4.) ^^ every cut. The increase over i^i-icQ (T^  ) 
due to the dose J-'^ QO ^'^A^ ^^^^ 10.50, ti.54 and 11.79.a at 
first, second and third cuts respectively. A few values 
for other treatments were, however, at par with •!>l-:?no ^ '^A^ 
at eacri cut. 
Calculated on the basis of es'^ ential oil yield per 
lectare, citral j^ ield was hi -hest with iwp,Q ^'^A"^ '^"^  f'rst 
and third cuts and wlt.i „_. . (-.V) nt second cut. The 
increase over ^^ -ICQ (T.) due to tiiese levels was 118.13, 
46.02 and 95-0/'^  at first, second and third cuts respectively 
W^ i-Q (T^ ) gave significantly lowest citral yield at every 
cut. The values given by various Ll levels differed criti-
cally when compared with each other, except i^ '^QQ ('^f.) and 
^450 ^^7) at first cut; ^ 200 (Tj), K350 (%) and if400^ 6^^  
as well as N^^Q (T^) and N^QQ (TQ) at second cut, and 
N200 (T2), N250 ^^3^ ^^ <^  ^ %00 '^-^ 8^  ^^ ^^11 as N^QQ (T4) 
and N^^Q (T^) at third cut. Cumulatively, N^^^ (T.) 
again proved best and gave significantly maximum citral 
yield. The increase over N^^Q (T^) due to this dose was 
82.28,0. The values given by all the treatments differed 
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4.1.4 Nutrient contents: Data for nitrogen, 
phosphorus and potassium concentration of leaf blades of 
Cymbopo^ ijon flexuosas at first, second and third cuts, as 
affected by different nitrogen treatments, are presented 
in T'lble 11 and are described below. 
4.1.4.1 i^ itro.^ en: 'Che n content in leaves was 
affected significantly by A doses at ill the three cuts. 
A gradual increase in the n concentration was noted from 
u,-Q (T.) to li-^QQ (f^) Q-"t first and third cuts and UI^Q(T^) 
to '-or-n ('^V) at second cut. Jost of the treatments showed 
equal effect. however, -i-^rrn ^ ''1 ' -"^ ^^ ^ significantly lowest 
valac in co"nparison to tho.^ e of other treatments at first 
cut. On the other hand, --^ -(^  ( '-i ' sho;/ed equjl effect 
with those of -'^ C-Q ('^7) 3,nd L',-^ ^ ^"''A^ '^'^ second cut and 
with those of }L,QQ {T^J, h^^^ (f.), TJ^^Q (L'^) and J^QQ (f^) 
at third cut. Regarding the .naximuin values given by 
'"So'^  (l\) at first and third cuts, it was noted that they 
were equalled by those of some other doses; but at second 
cut, the maximum value given by J-^pcQ (f-;?) critically 
differed with those for all other H levels. 
4.1.4.2 Phosphorus: The effect of various levels 
of N did not show any significant effect on P content in 
leaves at any cut. 
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4.1.4.3 Potassium; The effect of different doses of 
N on K concentration was significant at first and second 
cuts while it was non-significant at third ci^ t. It was 
noted that ^^QQ (1\) and NCQQ (^ 'Q^  gave maximum K content 
at first and second cuts respectively. Moreover, the 
values given by W^CQ (T^ ) and ^^00 ^-^8^ ^^^ "^^  ^ 2^00 ^'^2^' 
i^ipcQ (T-^) and i-'i-:^nQ (TC-) to l^cTQo ^'^s^ ^^ first cut and the 
values given by N^^Q (T^ ) to R^QQ (^4)* ^200 ^^2^ "^ ° 
])j (Tf-) and ^^ I-^ CQ (TC) to N^QQ ("^Q) second cut were at par. 
4.2 Bzperiment 2 
In this field trial, the effect of eight levels of 
basal phosphorus on growth, yield, essential oil content 
and quality and nutrient contents of leaves of lemongrass 
was studied. The data are briefly described below and are 
summarised in Tables 12-15. 
4.2.1 Growth; Like Experiment 1, growth character-
istics were studied at all the three cuts. It was observed 
that these characteristics were significantly affected by 
P application (Table 12). 
4.2.1.1 Culm number; P application increased culm 
number significantly at each cut in comparison to the no 
phosphorus control (T^). Of the eight levels, 'Pjc* i.e., 
75 Kg P20^/ha (T^), P^g^, i.e., 125 Kg PgO^/ha (Tg) and 
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r; 
P.^Q, i.e., 150 Kg P20^/ha (T^) gave the highest value for 
culm number at first, second and third cuts respectively. 
The increase was 52.10, 219.19 and 307.48;^ over control (T^  ) 
at the respective cuts. Manj values did not significantly 
differ from one another at first cut. At second cut, 
treatments 'Brj^ (l^)* ^ IQO ^ '^ 5^  ^ ^^ '^ 175 ^ ^8^ ^ ^ well as 
PQ (r.) and Ppc (Tp) showed equal effect and at the third 
cut, -P^ 25 ^ -^ 6^  ^"•^  "^ 175 ^ •^ B^  ^ ^ well as Pyc ^^ -'4) i^nd 
•^ 100 -^^ R^^  gave equal values. 
4.2.1.2 Leaf number: Like culm niimb er/plant, leaf 
number was also afCected significantly at all three cuts. 
A gradual increase in leaf production x^ as recorded as the 
P dose was increased from P^ (T.) to P^ p- ('i\) at first cut, 
PQ (T^) to P^25 '^^ 6^  ^ '^ second cut and PQ (T^ ) to P^^Q ('X'^ ) 
at third cut. The increase over control (T. ) due to the 
doses P^^ (T4), P^25 -^^ 6^  ^ ^^ ^ 150 ^^7^ ^ ^^ 73.35, 284.09 
and 343•06/0 at first, second and third cuts respectively. 
Most of the values for the treatments did not differ 
critically with each other. However, the control (T.) 
gave significantly lowest values at first and second cuts. 
On the other hand, at the third cut, most of the values 
critically differed with each other. 
4.2.1.3 Shoot length; Among various levels of P, 
•^ 125 •^''6^  ^ ^ first and second cuts and P^QQ (TJ-) at third 
8 
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cut gave the tallest plants. The control (T^) gave 
shortest plants at each cut. The increase over control (T^) 
due to thes« doses was 13.89, 43.61 and 37.55/0 at the 
respective cuts. The values of many of the treatments 
did not significantly differ from one another at each of 
the three cuts. 
4.2.1.4 Fresh weight: All the treatments showed 
significant increase in fresh weight over control (T^) at 
all three cuts. •^ 150 ^ '^7)* -^125 ^ ^6^ ^ ^^ -^ 100 ^ ''"'5^  proved 
best for fresh weight at first, second and third cuts 
respectively. The increase over control (T.) due to these 
treatments was 147.58, I4O.6O and 128.33/° at first, second 
and third cut respectively. The values for other treat-
ments differed critically at each cut, except those given 
by P25 ^^'2^ ^° ^ 75 ^'^4^ ^^ first cut; P^QQ (I^) and 
•^ 150 •^'•7^  ^"^ second cut and P^ -Q (T,) and P-17C: (TQ) as well 
as Pyt- (T.) and PICA '^•'^7'' ^"^ third cut. 
4.2.1.5 Dry weight; All the treatments gave signi-
ficantly higher dry weight than control (T^) at first and 
second cuts while at third cut the value recorded for 
PQ (T^ ) was equal with that of Pgc (T2). Like fresh weight,^  
here also the same treatments (P^^Q' ^125 ^ ^^ "^ 100^  showed 
the maximum dry matter accumulation at the three consecutive 
cuts. 
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4.2.2 Yield characteristics: The effect of different 
levels of P was found significant at every cut for all the 
yield attributes, except essential oil content at third cut. 
The data are presented in Table 13 and are described briefly 
below. 
4.2.2.1 .lerba/3:e yiald: All treatments gave signifi-
cantly higher herba2;e yield than control (T.|) at all three 
cats. The highest herbage yield was noted with P-,^Q 
at first cut, -P-ipc; (l^ g) at second cut and P^QQ (TJ-) and 
P^ 25 -^L'5) at third cut. The increase over the control(T^) 
was 125.9-1, 140.93 and 105.03'^ due to the tre itments 
P.cQ (T^), P^26 ^^6^ ^^^ ^100 ^^5^ ^'^ first, second and 
third cut respectively. The regaining values differed 
critically v/ith each other, except Ppc (Tp) and P^ -Q (T^) 
as well as P^ps ^^6^ ^ ^^ ^175 ^~8^ ^^ first cut; P^ -Q (T^) 
and P^ 5^ (TQ), Brj^ (T^) and P^^^ (TQ) as well as P^QQ (T^) 
and P^cQ (T,^) at second cut, and P[-Q (T^) and P-JYC (TQ), 
Py5 (T^) and P^^Q (T^) as well as P^QQ (T^) and P^25 ^ ^6^ 
at third cut. 
Interestingly, P^CQ (Ty) gave significantly highest 
value (108.39^ more than the control, i.e., T^) when the 
herbage yield of the three cuts was totalled. The values 
given by other treatments differed critically with each 
other, except P^^ (T^) and P^Y5 '^-^ B^ -
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4.2.2.2 Essential oil content; As mentioned earlier, 
the effect of various levels of P on essential oil percentage 
was significant at first and second cuts only. At first cut, 
•^ 125 ^^ 6^^  gave significantly maximum value. At second cut, 
P.QQ (Tf.) proved best and was equally effective with F^Q ( T , ) , 
P^ 5 (r^), P^25 ^^6^ ^ ^^ ^150 ^^7^- ^^® controls gave 
si^niiicantly minimum values at the respective cuts. The 
increase over the control due to P-ipt; ^ ^g) ^'^^ "^ 100 ^"^^^ 
was 59.91 and 44.39't- at first and second cut respectively. 
4.2.2.3 Essential oil yield: Like heroicre yield, 
essential oil yield was also affected significantly by P 
treatment. The same treatments i.e., P-ico ^'"^j^» "^1'^S (iV) 
and P^QQ (-c) gave highest values at first, second and 
third cuts respectively. The increase was 87.57, 97.64 
and 89.12/0 over control (T.) due to these treatments at the 
respective cuts. The values differed critically with each 
other, except for P^QQ ( T ^ ) , P^25 ^ ^6^ ^ ^ ^175 ^^ 's^  ^^ 
first cut; P^^ (T^), P^QQ (T^) and P^y^ (Tg) at second cut, 
and P^Q (T^) and P^^^ (TQ), P^^ (T^) and P^^Q (T^) as well 
as P^QQ (T^) and P^25 '^^ 6^  ^"^  third cut. 
Cumulatively, P^25 ^'^s'^ gave the maximum essential 
oil yield but was at par with P^^^ (T^). The increase was 
82.89?^ over control (T^) due to P^25 ^ ^6^* 
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4.2.5 Essential oil q\zallt.y; The application of different 
treatments of P gave significant increase in citral percen-
tage and computed citral yield per hectare at all three 
cuts (Table U ) . Py^ (T^) at first cut, P^QQ (T^) at second 
cut and P^^Q (T^) at third cut gave maximum values. The 
increase over control (T.) due to these treatments was 
6.49, 10.44 and d.25,o at first, second and third cut 
respectively. .lost of the values for the treatments differed 
critically irith each other, ilonetheleso, at first cut, 
P.i_„ (Tr^ ) and P^ yc (T.O save equal values with that of 
control (T.) hut at subsequent cuts controls gave sigiifi-
cantly inini'i-uai values. At -second cut, the value recorded 
for Pi 00 •^'"'5^  '•'^^^  equal to that of P125 ^'~S^ '"^^^ ^'~^ 
treatments PICQ ^'^J) ^^d P^2S '^^ o^  were equally ef-^ective. 
At third cut, the treatments P^C^Q ^'^J^ ^^^ •^1'^S ^'^6^ x/ere 
at par while tiie values recorded for other treatments 
differed critically with each other. 
Regarding citral yield, P.^CQ ( T ^ ) , P>|25 '^^ 6^  ^^'^ 
•^ 100 -^^ 5^  gave highest values at first, second and third 
cut. respectively. The increase over control (T. ) due 
to these treatments was 89.16, 117.20 and 103.10/b at the 
respective cuts. The values for the treatments differed 
critically with each other, except those given by P-i QQ ^ '^ 5^  
and P-125 (Tg) as well as P^25 ^^6^ ^^'^ -^ 175 "^"^ S^  "^^  first 
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P^^5 (Tg), P^ 5 (T^) and P^^Q (T^) as well as P^QQ (T^) 
and P^25 ^'^6^ ^^ third cut. 
On c-'omulative basis, P^pR ^'^6^ gave significantly 
highest citral yield, showing an increase of 92.37/0 over 
control (T . ) . The values for all treatments differed 
critically from each other, except those given by P^ f- (T^) 
and P-iy^  '^-Q^  ^ ^ v/ell as P^QQ (T^) and P-J^Q 
4.2.4 i^ 'Tutrient contents: Data for nitrogen, 
phosphorus and potassium concentrations in leaf blades of 
Qymbopogon flexuosus at first, seco^ and third cuts, as 
affected by various levels of phosphorus, are presented 
in Table 15 and briefly expalined below. 
4.2.4.1 nitrogen: The concentration of 1J in leaves 
was si^ iiificantljr affected by basal P at all three cuts. 
It was noted that H content increased gradually upto 
P^cQ (T,^) at first and third cuts and upto P^OR ^ '^ 6'^  ^ ^ 
second cut; but many of the treatments were equally 
effective. However, the control (T.) gave significantly 
lowest value at second cut, while at first cut, the control 
proved at par with P2C (^ 2) and P^Q (T^) and,at third cut, 
with Pg^ (T2). The value given by P^ jgc (Tg) differed 
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4.2.4.2 Phosphorus; Application of different levels 
of P showed a significant effect on P content at each cut. 
It was noted that P^ c;p, (Tr,) at first ant^  third cuts and 
P^ pc ('i^ )^ at second cut gave maximum values. At all three 
cuts, the values recorded for many of the treatments did 
not differ critically with each other. 
4.2.4.^ Potassium: The x[ concentration was affected 
significantly by the application of various levels of P 
at all three cuts. It was noted that P-JCQ (Ty) at first 
and third cats and P.,o!r i'^c) at second cut gave signifi-
cantly highest values. The values given by ^^ZZQ (T^) and 
P (T-) differed critically with those for all other 
treat:nents at first and second cuts respectively. Hov/ever, 
at third cut, the value recorded for P-ICTQ "^^ 7) '^'•^^ ^"^  P^^ 
with that of P^ gR '^-'^ 6^ * 
4.3 Experiment 3 
In this field experiment, the effect of eight levels 
of basal potassixun on growth characteristics, yield of 
herbage and essential oil, essential oil content and 
quality and nutrient contents in leaves of 
Gymbopogon flexuosus was observed. The data are briefly 
described below and are summarised in Tables 16-19. 
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4.3«1 Growth characteriatics; like the previous 
experiments, culm and leaf number, shoot length, fresh 
weie^ h^t and dry weight/plan I were studied at three cuts. 
It was observed that all these growth characteristics were 
significantly affected by " ap^ jli c-\tion .Table 16). 
4.3«1.1 Oulm number: The culm number was increased 
significantly by K treatment at all three cuts. It was 
noted that Kp^0' ^'^'' ^80 Kg KpO/haCTg) at first cut. 
iI.gQ, i.e., 160 Kg v'pO/ha (T[-) at second cut and '^ 04.0' 
i.e., 240 Kg KpO/ha (T^) at third cut proved best and give 
significantly higher values than those for all other treat-
ments. The increase was 44.79, 209.40 and 303.1 2,0 over 
control (T.) due to these treatments at the respective cuts. 
Several values, when compared with each other, did not 
differ critically at first.cut. However, at second cut, 
treatments -^ 120 ^^4^' -^ 240 ^^7-^ ^^^ -^ 280 ^^8^ ^ ^^ ^^ third 
cut, treatments K.Q {T^) to K^20 '^^ 4'* ^^ well as K^QQ (Tg) 
and KpQQ (^ g) showed equal effect. 
4.3.1.2 Leaf number; Like culm, leaf production was 
affected significantly by application of various levels of 
K at all three cuts. It was noted that there was a gradual 
increase in the leaf number/plant as K level was increased 
from KQ (T^) to K^QQ (TQ) at first cut, KQ (T^) to K^^Q (T^) 
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increase over control (T. ) due to K^QQ (TQ), ^^QQ (T^) and 
K.,.^  (T^) was 55.51, 281.23 and 301.91/o at first, second 
and third cuts respectively. At first cut, K^QQ (^ y) showed 
equal effect with XJ.Q (T„) and Kpoo ^^ 6^ * ^ ^^ differed 
critically with other treatments whereas at second and 
third cuts K. ^Q ('J^ C) and J^-pAO -^'-7^  respectively'- differed 
critically with all the treatments including control. I'lost 
of the other values, including control, did not differ 
critically at first cat; but, at second and third cuts, the 
controls gave significantly lowest values, i^irthermore, 
80 ^'^3^ ^^ '^  '^ 120 "^^ '4^  ^^ well as K2QQ (iV) and I^'p/^o ^'^l'^ 
at second cut, and K^Q ('Tp^  ^^^ "^"80 ^'^"'^'^ '^^ well as 
'^ 160 -^'"S^  ^ ^^ ^^ 200 •^'"6^  ^"^ third cut proved at par. 
4.3.1 .3 Shoot length: ohoot length/plant was also 
affected significantly by K application at all three cuts. 
It was noted that -^ 230 (TQ) at first cut and J^'i 50 ^^5^ ^ ^ 
second and third cuts gave significantly higher values than 
those for the respective controls. The increase over 
control (T^) due to these treatments was 32.25, 28.79 and 
29.51/^ at the three respective cuts. Most of the values 
given by various treatments including control at first and 
second cuts did not differ critically whereas control (T.) 
gave significantly lowest value at third cut. Besides; 
several, other treatments showed equal effect. However, 
at third cut, K^^Q (T^) differed critically with the rest 
87 
of the treatments. 
4.3.1.4 iJ'resh. weight; All the levels of applied K 
exhibited significant effect on fresh weight at all three 
cuts. At every cut, K.^Q (T^) proved best. The increase 
was 70.83, 111.28 and 114.44/^ over control (T^) due to 
this treatraent at first, second and third cut respectively. 
Most of the other values given by various treatments did 
not differ critically when compared v/ith each other. How-
ever, the value for i'-i ^  ("^ir) at first and third cuts 
differed critically witli those for other treatments whereas 
at second cut the same level proved at oar with -^ p^ n ^-^'g'' 
and differed critically vrith remaining levels. On the other 
hand, the control (T.) gave significantly lowest value at 
each cut. 
4.3«1«5' Dry weight: Like fresh weight, all the 
treatments gave significantly more dry matter than the 
control.at every cut. As in the case of fresh weight, 
•^ 160 ^ ^5^ gave the highest value at all three cuts. The 
values given by the remaining treatments differed critically 
with those for K^^Q (T^) at first and second cuts. On the 
other hand, at third cut, K^^Q (T^) showed equal effect with 
^120 ^^4^' ^200 ^^6^ ^ d ^240 ^^7^' 
4.3.2 Yield characteristics; The effect of various 
levels of K was significant at each cut for all the yield 
88 
characteristics studied. The data are presented in Table 17 
and are discussed briefly below. 
4.3.2.1 Herbage yield; Herbage yield was affected 
significantly by all applied levels of K at each cat. It 
was noted that -'^igQ ( i^c) gave the maxiiiuoi value at all three 
cats, the increase over control (T^) oeing 61.37, 111.24 and 
133.943 at first, second and third cut respectively. It 
may be noted that the effect of this level was equal to that 
of ^^oon (^ )^ ^^'^ fix'st and second cut. ilowever, at "chird cut, 
the value for tals treatment differed critically witn those 
for all other treatments, some of which were nt par with each 
other. 
Cumulatively also, K. ^ Q '^-t^  ^  gave signilic j.ntly maximum 
herbage yield, the increase over control (T^) being 83.94^ . 
Moreover, the values given by other treatments differed 
critically with each other, except KQQ ('JV) and ""^ p^SO ^^ S-^  
as well as K^2o '^•'^ 4^  "^-^  -^ 240 ^'^7^* 
4.3.2.2 Essential oil content: All treatments exhibited 
significant increase in essential oil percentage over control(T.) 
at all three cuts. K^  gQ (Tc-) at first and second cuts and 
^280 "^^ 8^  ^^ third cut proved best. The increase over control 
(T^) due to these treatments was 41.40, 43.92 and 45.81;5 at 
first, second and third cut respectively. However, the 
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and Kp.Q (Ty) at first and third cuts and by K^20 ^^4^ ^^ 
second cut. The values recorded for most of the other 
treatmehts were at par with each otner. 
4.3.?.3 iissential oil yield; Here also, K treatment 
gave significant effect at all three cuts. It was noted 
that i-^'t'-Q (ffr) proved sip-nificantly optinium at first, second 
and third cuts. The increase over control (T<|) due to this 
treatment was 67.03, 72.17 and 102.95^ at the respective 
cats. iiOst of tne values given by other treatments at each 
cut were equal when compared with each other. It was further 
noted that K^, the control, gave significantly lowest values 
for essential oil yield at all three cuts. 
Considering the total of all three cuts, '^^•\CQ (I'C) 
proved best and gave significantly maximum value (75.56,0 more 
than K Q ) . The values given by KQQ (T-^) and ^230 ^^Q) ^^ well 
as by K.po '^^4.) ^^'^ -^ "PAO '^'^ 7^  were found at par when compared 
with each other. 
4•3.3 Essential oil quality; All treatments gave 
significantly higher citral percentage and citral yield than 
their respective controls at all three cuts. It was noted 
that K^gQ (TC) gave maximum citral percentage at all three 
cuts. The increase over the control (T.) due to this 
treatment was 2.14, 6.63 and 11.31/"^  at first, second and 
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lowest value at every cut. At first cut, K^gQ (T^) and 
X^ QPi iTr) were equally effective. However, at second cut, 
the values recorded for all the treatments differed criti-
cally with each other. At third cut also, the values given 
by various levels of K differed critically except those of 
-200 ^^ ^^ 6^ ' ^ 240 ^^7^ ^ '^^  ^ 2^dO ^'^8^' 
Gitral yield (calculated on the basis of essential oil 
yield per hectare) vms fo-und to be maximum v/ith 1-^  ^ Q (I'C) 
at all cuts. Jhe increase over control (T.) due to this 
level was 70.60, Sj.59 and 125.91/^ at first, second and 
third cut respectively. The treatments .^.^ ( Tp) and YQQ (T^) 
as well as ---i pn ^^A^ ''^^•'^ •^'^280 ^ "^ 8^  ^ ^ first cut; 11.Q (Tp) and 
"^ 280 '^•'^ B^' •^ 80 ^^"5'^ ^^^ "^-240 ^^7^ -^^ well as -^ 2^0 "^'^ 4'' "^^^ 
•^ 200 "^''6^  ^^ second cut, and -^-i pn -^"-/i^  ^^^ 2^4.0 ^^V^ ^^ well 
as Kp-Q (Tr,) and KpoQ (To) were found to be equally effective. 
Cumulatively, K^  gQ (T,-) again proved optimum, showing 
an increase of 85.03^ over control (T.). The values of all 
the treatments differed critically from each other, except 
those given by KQQ (T^) and KggQ (TQ) as well as 2^20 ^ ^4^ 
and K240 (T^)-
4.3-4 Nutrient contents; Data for nitrogen, phosphorus 
and potassium contents in leaf blades of Oymbopogon flexuosus 
at first, second and third cuts, as affected by different 
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4.3.4.1 j^ 'itrogen; The I\f concentration in leaves was 
significantly afTected at third cut only. It v;as noted to 
increase ^";radually upto ^-ArQ (Tp-). The effect of the 
optimum level, i.e., K. ^ (TJ-) was, however, at par with 
th-t of I'C^20 ^ '^ '4)' "^ 200 '^"^ 6^  ^^^ '^ 240 '^-^ 7^ * 
'^ 1.3-4.2 Phosphorus: 1^  treatment exhibited a signifi-
cant ef.'ect on P concentration at first and second cuts 
only. It was noted that ^^gQ> i.e., Tr- (3qualled by -i-oQO' 
i.e., Tq (equalled by severil other 
treatments) gave the highest values at Irst and second CLitc 
respectively, .it both cuts, the values j^ iven by most of zrie 
treatments did not differ critically Krhen compared with each 
other. The control gave significantly lowest value at 
second cut only. 
4.3.4.3 Potassium: Leaf IC concentration was signifi-
cantly affected by K application. It was noted that KpSO^^S^ 
at first and third cuts and Kp.Q (T,-,) at second cut gave 
maximxim values which were significantly higher than those of 
the respective controls (T^). At first cut, K2QQ (TQ), 
^240 '^-^ 7^  ^^^ •'•^200 ^ •'•6^  were equally effective. However, 
at second cut^ K^j.Q (T,^ ) gave significantly highest value. 
At third cut, K2QQ (T3), Kg^Q (Ty) and K^QQ (Tg) were equally 
fi 2 
effective but gave significantly higher values than those 
of other treatments. At all three cuts, the values given 
by their respective controls were equal with thOvse of 
some low doses of K. 
4.4 Experiment 4 
In this field experiment, the effect of twenty eight 
combinations of nitrogen, phosphorus and potassium (J\"PI[) 
was observed on growth characteristics, yield of herbage 
and essential oil, essential oil content and quality as 
well as leaf nutrient contents of Oymbopogon flexuosus. 
The data are briefly described below and are summarised 
in Tables 20-23. 
4.4.1 Growth characteristics; Like previous experiments, 
five growth characteristics (culm number, leaf number, shoot 
length, fresh weight and dry weight/plsnt) were studied at 
three cuts. It was observed that these characteristics 
were significantly affected by NPK fertilisation (Table 20). 
4*4.1.1 Culm number; NPK treatment showed significant 
effect on culm number/plant. It was noted that Npj--^  -^i oo 
•^ 160 ^ ^3^ ^^ first cut and N^^Q -^IOO "^ 160 ^^ 2^1^  ^^ second 
smd third cuts gave significantly higher values than those 
of the control (NQ PQ KQ, i.e., T^) at the respective cut. 
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61.95, 100.36 and 81.93/^ at first, second and third cut 
respectively. Moreover, at first cut, T^ was equally-
effective with Tg, T., and I'pi * Lil^ewise, at second and 
third cuts, Tp. showed equal effect with 'IV, Tg, T^^ and 
Tpor and with Tp, I' , IV, Jg and T^ g respectively. 
4.1.2 Leaf number: Like culra, leaf production was also 
affected significantly by combined levels of nPir at all 
three cuts. It v;as observed ttiat i^ VcQ -P-jr^Q '^-yn ^-^pO 3^ '^ s 
significantly hi^ -her values for leaf number/pi-ant tnan 
those of their respective controls at first, second and 
third cuts. The increase over control (f^) due to tliis 
treatment was 4c3.45, 94 .01 and 101.74;^ at first, second and 
third cut respectively, ilost of the values given by other 
treatments did not differ critically with each other at aaj 
cut. 
4.1.3 Shoot length; NPK fertilisation exhibited a significant 
effect on shoot length/plant at all three cuts. It was found 
that treatment N^QQ P^QQ K^ g^ ^^21^ ^'^ first and third cuts 
and treatment N,QQ ^]OQ ^gO^'^n) ^'^ second cut gave tallest 
plants. The increase over control (T.) due to these treat-
ments was 41.38, 31.80 and 22.48^ at first, second and third 
cut respectively. The values given by most of the other 
treatments did not differ critically with each other at 
any cut. 
4 
4.4-«4 -fresh weijS^ ht; Treatments ^^CQ -^ I QO "^ 160 ^ ^^ 21^  
at first and third cuts and N,QQ ^150 ^^ 200 ^^ 'l9^  ^^ second 
cut proved best for fresh wein:ht. The increase over control 
(T^ ) due to these treatments was 55«8'3, 64«97 and ^6.'66/o at 
first, second and third cut respectively, ilost of the values 
given by various other treatments did not differ critically 
;vith each other at any cut. Treatnent Tp. was equally 
effective with treatments T^, Ir- and T^ at first cut and 
3 5 o 
-'7ith treatments T^ and IV at third cut. At second cut, 
treatments f^, ^^y Tg, Tg, T^  ^  , T^-, T^g, 22_\ ^'^^ ^2"^ were 
fomid to be at par with T.q. 
4.4«1«5 Dry wei^ ":ht: i^ll treatments gave significantly 
higher dry weight than control (T.) at first and second cat. 
.iowever, at third cut the values recorded for treatments -9/:, 
T.g and Tp^ showed equal effect with that of T^  (IJQ PQ --Q)* 
Like fresh weight, here also the same treatments (N^J-Q P-t^ r) 
K^  gQ at first and third cuts and W-^QQ -^it^n "^ 200 ^^ second 
cut) produced maximum dry matter. 
4.4.2 Yield characteristics: The effect of various 
levels of NPK was significant for all the yield character-
istics at all three cuts. The data are presented in 
Table 21 and are discussed briefly below. 
4.4.2.1 Herbage yield; Herbage yield was affected 
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maximum herbage yield was noted with the treatment N^CQ 
•^ 100 ^ 1^60 ^^21^ ^ ^ first and third cuts and with treatment 
^Soo -^ 100 ~200 •^'^ 19^  ^ ^ second cut. The increase over 
control (T.) due to these treatments was 53.99, 65.11 and 
58.95/a at first, second and third cut respectively. It 
was noted that the values given by all treatments differed 
critically with control ('.Q PQ I^Q) at second cLit. However, 
T.Q showed equal effect with treatments T^, 'IV, Tg, '-f^-j , 
'T. ,, T.g and '^21' Furthermore, treatment Tp^ vJ^as equally 
ef Tective with T^, Tj- and IV at first cut and with Tp and 
Tr- at third cut. 5 
¥ith regard to total herbage yield of three cuts, 
N „ ^ 100 ^ ''l?0 ^ "'"Pl ^  gave the highest value which was at 
par with those given by ^ 250 ''^125 -^ 1^20 ^'^5^ ^^^ ^^ 250 -^ 150 
i-Lpo '^•'^ 8^ * •'"^® increase due to Tp^ was 58.03/° over 
control (T^) which gave lowest value. 
4.4.2 Essential oil content: It was observed that 
essential oil percentage was maximum with Np^ -Q P-| on -^ 200^  "'^ 4''' 
^250 -^ 125 ^ 120 ^^5^ ^^^ ^250 ^125 ^^60 ^^6^ ^'^ first, second 
and third cuts respectively. The increase due to these 
treatments over control (T^  ) was 88.4I , 30.93 and 40.21/<i 
at their respective cut. The control (T. ) gave significantly 
lowest value whereas B^^^Q P^QQ K^QQ (T.) differed critically 
with all the treatments at first cut. At second cut, NpcQ 
•^ 125 ^ 120 ^^5^ ^ ^^ equally effective with treatments Tg, 
a?y and T^ g to T^^ . At third cut, the effect of Ng^Q P^gS 
^160 ^^6^ ^ ^^ found at par with those of treatments T^^, 
96 
^19 ^^^ '•^26-
4.4.2.3 Essential oil yield; Like herbage yield, 
essential oil yield w-ao also aiiected significantly by i^ fK 
treatments. I'he treatments '^^ C^Q -^i QO ^160 ^^21^' •'^ 250 "^ 125 
K.pQ (i'p-) and J-'^pRO ^i2^ ^^ 160 ^'^b^ exhibited maximuin essential 
oil yield at first, second and third cut respectively, tiie 
increase Deing 135-52, 106.39 and 89.]0/o over control {T^). 
The respective maximum values recorded for these treatments 
differed critically with those of all other treatments, 
except 1' at first cut; T^, f^, T^^, T^g, T^ q and 1*21 ^ '^  
second cut, and f ^, IV, Tq, T-i i , f^n, fpo ^^'^ "^21 ^* taird cut. 
Cumulatively, ^r^^Q ^ i oo '^ 160 "^^ '21^  proved best for 
essential oil yield, 'fhe increase was 103.67/0 over control 
due to this treatment, fpi '^^^ equally effective with 
^^ 250 ^ 125 ^120 '^^ '5^  ^ ^^ ^ 2^50 ^ 125 ^160 ^''^6^' i^ontrol (2^) 
showed poorest effect in comparison to all other treatments, 
except N^QQ P^QQ K^^^ ('f^ )^. 
4.4-3 Bssential oil quality; Citral percentage in 
essential oil and the computed citral yield per hectare were 
also significantly affected by various levels of combined 
NPK application at all three cuts (Table 22). It was observed 
that treatment N^QQ P^QQ -^ 120 '^^ 11^  ^^ first cut and treatment 
•'^ 250 ^ 125 ^120 •^'•c;^  ^ "^  second and third cuts gave maximum 
values for citral percent. The increase over control (T^) 
3?able 22. Effect of combined levels of nitrogen, phosphorus and potassium on essential oil 
quality of lemongrass (Oymbopogon flexuosusJ 
Treatment 
u 
II III II III Total 




























CD. at 3fo 
( T, ) 
,1 ^2 > 
( T^ ) 
V ^3 J 
( T4 ) 
( T5 ) 
( Tg ) 
( T7 ) 
C Tg ) 
t Tg ) 
' ' ' l o ' 
C T , , ) 
( 1 , 2 ) 
( T ^ j ) 
t ^ u> 
t T , 5 ) 
'• ^16^ 
' ^ 1 7 ) 




( ^ 2 4 ) 
C T25) 
I ^ 2 6 ' 
( T 2 7 ' 
( T j s ' 
C i t r a l c o n t e n t 
8 5 . 4 1 
9 2 . 7 1 
9 6 . 2 0 
9 5 . 6 0 
9 4 . 3 1 
9 4 . 1 4 
9 3 . 6 2 
9 0 . 8 9 
8 9 . 8 3 
8 7 . 2 1 . 
9 7 . 6 5 
8 6 . 9 6 
8 6 . 5 0 
8 9 . 9 3 
8 9 . 0 6 
8 6 . 9 6 
9 0 . 3 3 
8 9 . 6 3 
8 6 . 3 3 
91 .16 
8 8 . 5 6 
8 6 . 1 0 . 
8 5 . 6 0 
8 8 . 9 4 
8 6 . 3 4 
8 5 . 8 3 
8 6 . 5 0 
8 6 . 7 0 
8 5 . 9 0 
9 7 . 1 1 
9 6 . 2 8 
9 2 . 9 0 
9 7 . 6 6 
9 4 . 8 2 
9 4 . 0 6 
9 3 . 5 3 
9 5 . 1 1 
9 1 . 2 5 
9 5 . 2 0 
9 2 . 7 0 
91 . 00 
9 6 . 3 4 
9 6 . 2 5 
9 5 . 9 7 
9 7 . 2 0 
9 5 . 5 2 
9 3 . 6 9 
9 5 . 2 9 
9 2 . 4 1 
8 7 . 5 6 
91 . 90 
8 6 . 3 0 
8 6 . 1 0 
9 0 . 6 8 
9 2 . 6 6 
9 3 . 5 6 
Mean of 
('/O, 
8 4 . 8 6 
9 4 . 0 3 
8 9 . 8 6 
8 8 . 9 0 
9 6 . 7 6 
9 5 . 5 6 
9 3 . 7 7 
9 5 . 0 3 
9 4 . 1 0 
9 2 . 0 3 
9 4 . 9 6 
9 5 . 3 0 
9 4 . 0 3 
9 4 . 2 0 
94*.76 
9 5 . 1 3 
9 5 . 7 8 
9 6 . 5 0 
9 2 . 6 6 
9 6 . 7 0 
9 5 . 3 6 
9 4 . 8 3 
9 0 . 0 0 
9 0 . 9 3 
9 5 . 0 3 
94 .81 
9 4 . 7 3 
9 4 . 4 6 
t h r e e r e 
7 8 . 8 8 
1 2 5 . 1 8 
189 .72 
1 7 5 . 8 3 
1 7 3 . 7 8 
172 .16 
1 4 3 . 1 8 
1 6 1 . 1 4 
1 3 8 . 7 4 
1 0 8 . 9 0 
151 .92 
1 1 3 . 9 4 
9 1 . 8 7 
1 1 8 . 9 5 
1 3 2 . 8 3 
158 .24 
1 0 0 . 4 0 
127 .52 
9 8 . 7 7 
145.91 
1 9 2 . 6 4 
135 .65 
1 0 0 . 2 6 
135 .42 . 
127 .06 
1 0 6 . 2 4 
122.31 
1 0 3 . 6 7 
p l i c a t e s 
O i t r a l y i 
9 2 . 9 5 




1 8 3 . 2 5 
1 5 7 . 9 5 
182 .91 
1 5 6 . 6 0 
1 1 9 . 3 9 
1 5 4 . 1 5 















1 2 7 . 5 8 
136 .82 
e l d (Ksr/ha) 
7 4 . 0 4 
145 .61 
1 1 1 . 0 9 
8 5 . 9 7 
1 2 5 . 1 6 
1 5 7 . 6 8 
9 3 . 0 4 
1 1 5 . 4 8 
1 3 0 . 5 2 
9 6 . 3 6 
136 .49 
9 4 . 9 1 
7 5 . 6 4 
1 1 9 . 5 8 
1 1 6 . 6 3 
8 6 . 1 4 
7 5 . 8 4 
4 -^ jSJS i&i^ ^ »*-«-»** 
1 4 5 . 9 3 
1 2 8 . 0 5 
147 .31 
81 .86 
8 4 . 5 6 
111 . 6 4 
8 5 . 9 7 
1 0 8 . 4 2 
7 9 . 7 9 
107 .37 
2 4 5 . 8 7 
4 1 8 . 4 8 
4 7 9 . 5 3 
4 0 9 . 6 6 
5 1 7 . 0 5 
5 1 3 . 0 9 
3 9 4 . 1 7 
4 5 9 . 5 3 
4 2 5 . 8 6 
3 2 4 . 6 5 
4 4 2 . 5 6 
3 4 3 . 3 7 
3 0 8 . 2 7 
3 9 3 . 2 4 
4 0 8 . 8 0 
4 1 7 . 6 3 
3 6 0 . 0 6 
..JAQ^i-A^ 
436 .91 
3 8 6 . 2 5 
5 3 7 . 9 1 
3 4 2 . 2 3 
3 2 1 . 9 9 
3 7 8 . 4 6 
3 4 4 . 2 5 
3 3 8 . 7 7 
3 2 9 . 6 8 
3 4 7 . 8 6 
0.82 0.71 0.68 
* 
4.07 3.35 
* 3.38 6.03 
*Significant at 3fo level 
§7 
due to these treatments was 14.33, 13.69 and 14.025^  at first, 
second and third cut respectively. The values given by 
most of the other treatments did not differ critically with 
each other at any cut. However, at first cut T.^ differed 
critically with all other treatments including control. 
At first and second cuts, control (T^) gave equal values 
with those of some other treatments while at third cat, 
significant lowest value was recorded in control (T^). 
Moreover, IV was equally effective with Tp and T.y at second 
cut and with T^ g and T^Q at third cut. 
Regarding citral yield, K^^Q P^QQ IL^ ^Q (TgV' '^250 ^125 
""120 ^^ '"5^  ^ -"^^ ^ ?^S0 "^ 125 ^ 1^60 ^•^''^ exhibited higbejt valines 
at first, second and third cut respectively, the increase 
over control (T^  ) due to these treat^nents being 1^.21, 
134.65 and 112.96/0. The values given by these treatments 
differed critically with those for others at each cut, 
except at first cut where Tg^ was equally effective with T^. 
Cumulatively, M^^Q P^ QQ K^ ^ ^ ^^ 2^1^  ^^^® significantly 
maximiim citral yield and was followed by H250 -^ 125 ^ 120^^5^ 
and N25Q P-125 K^  ^ Q (Tg). The increase due to T2^ was 118.77>S 
over the control (T^) which showed the poorest effect. 
4.4.4 Nutrient contents: Data for nitrogen, phosphorus 
and potassium concentrations in leaves of Cymbopogon flexuosus 
at first, second and third cuts, as affected by various levels 
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of combined NPK, are presented in Table 23 and are briefly-
explained below. 
4.4.4.1 Mitroft-en; The N concentration in leaves was 
significant at all three cuts. It was raaxinum in treatments 
^^ 250 ^ 125 '"^120 '^^ '5^ * '^300 -^ 150 '^ 200 ^ '•^'19'' ^ ^^ ^ 350 -^ 100 
xC. gQ ^^ ?1 •' "^^  first, second and third cut respectively. 
The values siven by most of the other treatments differed 
critically with each other at every cut. however, at first 
cut, Tj- was equally ef 'ecxive with treatments Tg and Tp^ 
while control (T.) gave equal effect with Tpo whose effect 
was poorest. At second cut, treatment T.Q had equal effect 
witn T. , and tue control (T. ) gave significantly lowest 
value in coniparison to all other treatments, -b'urthermore, 
at third cut, Tp^ differed critically with ill other treatment3, 
and the values recorded for all treatments were significantly 
higher than that of control (T.). 
4.4.4.2 Phosphorus; The leaf P content x^ as also 
affected significantly by L^ JPK application at all three cuts. 
It was noted that 1^ 350 ^ 100 ^ 200 ^'^4^' '^50 ^ 150 ^ 2^00 ^^"=^28^  
and ^'^•:^rQ ^150 ^ 120 "^'"26'^  gave highest P concentration at 
first, second and third cut respectively. At first cut, 
treatment T. differed critically with all other treatments 
whereas control T^  (J:JQ PQ KQ) gave lower value than all 
other treatments, except TpQ. At second cut, Tpo showed 
equal effect with Tg. At third cut, Tgg differed critically 
Table 23» Effect of combined levels of nitrogen, phosphorus and potassium on 




II III II III II III 
Nitrogen content {fo) 
Mean of three replicates 
Phosphorus content jfo) Potassium content jfo) 
N 0 K 0 
^ 2 5 0 ^ 1 0 0 ^ 1 2 0 
^ 2 5 0 ^ 1 0 0 ^ 1 6 0 
^250-^100^200 
^250-^125^120 
^ 2 5 0 ^ 1 2 5 ^ 1 6 0 
^ 2 5 0 ^ 1 2 5 ^ 2 0 0 





^ 3 0 0 ^ 1 0 0 ^ 2 0 0 
^ 3 0 0 ^ 1 2 5 ^ 1 2 0 
^300-^1 25^1 60 
^300^125^200 
' 300^150^160 
^ 3 0 0 ^ 1 5 0 ^ 2 0 0 
^ 3 5 0 ^ 1 0 0 ^ 1 2 0 
^35©^100^1 60 







C D . at 5f» 
( Ti ) 
( I j ) 
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1 . 2 6 j _ . 
1 .185 
2 . 1 7 0 ' 




1 . 5 9 2 ^ 





0 . 9 4 3 -
0 . 1 3 0 0 . 1 1 3 
* S i g n i f i c a n t a t 5^ l e v e l 
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•with all other treatments and the control (T^  ) gave lowest 
value. 
4.4.4.5 Potassium: Like i^  and P, '.1 concentration in 
leaves was also affected significantly by various levels 
of combined nP^ ' at all three cuts. It was noted that 
i'250 ^ 100 ^200 '^-^'4) ^ ^ ^^^^^ °^^ ^^ ^^  '^ 5^00 ^ 125 -^200 ^ '^16^  
at second and third cuts gave significantly higher values 
xhan tiie respective controls. However, at first cat, i\ 
and i^ u showed equal effect. At second cut, treatment T^^ 
suowed equal effect with f-toj i'-tg ^ -nd i'po* "^^ tnird cut, 
i\ g differed critically witn all otner treatments, 'i^he 
concc^ oi (-L'l) save lowest value at all cuts but it was at 
par with the values for a few otner treatments at first and 
third cuts. 
4.5 Experiment 5 
This field experiment was laid according to split plot 
design to study the effect of sixteen leaf-applied levels 
of i^  and P alone and in combinations comprising sub plot 
treatments in presence of two combined basal doses of N 
and P as main plot treatments. The effect of these treatments 
was observed on the same parameters as considered in previous 
experiments. As mentioned earlier (p.6S), the crop was 
harvested twice only in this experiment. The data are 
3-ummarised in Tables 24-36 and are explained in brief below. 
IGO 
4.5.1 Growth characteristics; The effect of main plot 
treatments was significant on all growth characteristics 
studied, except culm n\imber and fresh weight/plant at first 
cut and shoot length/plant at second cut. The effect of 
sub-plot treatments was significant on all characteristics 
studied. The difference between two treatment means at the 
same level of basal or spray treatment was foxmd to be 
significant on all the parameters, except shoot length/plant 
at both cuts and fresh and dry weight/plant at first cut 
(Tables 24-2«). 
4.5.1.1 Culm number: The effect of main plot treatment 
was significant at second cut only. It was noted that the 
basal treatment (main plot) 1'^  .-QQ -^ I CQ S^ "^ ® ^^^ ® maximum number 
of culm/plant and registered an increase of 27.97,o over the 
other treatment (j^'^icn ^IR^' 
ilmong the foliar treatments (sub plot), N.Q Pp (Ty) at 
first cut and Kr- P. ('•'^•10^  ^ ^ second cut produced maximum 
number of culm/plant. The treatment N. Q Pp (Tr^ ) differed 
critically from the rest of the treatments and showed an 
increase of 143.82/0 over control (sprayed with water) at 
first cut. At second cut, the increase was 61.64/0 due to 
N^ P. ('-^10^  over control (T^). However, H^ P, (T'^Q) showed 
equal effect with li^Q P^ (T^) to N^Q 2^ (T.^ ) and i^I^  QPg(T^ ^ ) . 
Table 24. Effect of individual and combined leaf-apolied nitrogen and phosphorus with two 




Basal treatment (!4ain plot) Mgan ^^-^al treatment (Main plot) 14-0^ 1 
'500-^150 ^^1 50-^75 ^300-^150 ^^150^75 
Mean of three replicates 
I cut II cut 
" o ^ o < 
N 5 P 0 1 
"rfo 1 
"15^0 
H Q F J I 
N5P2 ( 
^^<?2 < 
» , ^ 2 I 
" 0 ^ 4 ' 
" 5 ^ 4 ' 
"10^4 ' 
"15^4 ' 
" 0 ^ 6 < 
% ^ 6 < 
S.(f 6 ' 
^15^6 ' 
; T I ) 
• i j ) 




, T , ) 
.Tg) 
. I 9 ) 
•^10) 
. 1 , , ) 
. 1 , 2 ) 
, 1 , 3 ) 
• ^ u > 
.T15) 
'•^le) 
4 4 . 0 6 
7 9 . 6 6 
7 6 . 5 3 
6 9 . 3 3 
8 3 . 4 0 
5 6 . 8 3 
9 4 . 5 3 
7 1 . 7 3 
7 3 . 5 0 
81 . 30 
5 9 . 5 3 
5 0 . 0 6 
7 0 . 7 3 
7 9 . 4 0 
7 0 . 6 3 
5 8 . 4 0 
3 5 . 3 0 
6 3 . 5 3 
8 5 . 4 0 
9 7 . 7 3 
6 6 . 8 6 
4 7 . 9 6 
9 8 . 9 6 
6 5 . 2 0 
7 0 . 7 3 
5 5 . 3 0 
8 5 . 6 6 
6 6 . 9 6 
8 8 . 1 6 
8 6 . 0 6 
6 9 . 6 3 
5 8 . 2 6 
3 9 . 6 8 
71 .60 
8 0 . 9 6 
8 3 . 5 3 
7 5 . 1 3 
5 2 . 4 0 
9 6 . 7 5 
6 8 . 4 6 
72 .11 
6 8 . 3 0 
7 2 . 6 0 
58 .51 
7 9 . 4 5 
8 2 . 7 3 
7 0 . 1 3 
5 8 . 3 3 
5 1 . 5 3 
6 7 . 8 6 
8 0 . 6 6 
8 4 . 4 3 
1 0 2 . 6 3 
7 9 . 9 6 
8 0 . 6 3 
51 .76 
7 3 . 9 6 
9 3 . 0 6 
6 4 . 4 0 
5 2 . 6 3 
7 0 . 3 0 
8 5 . 6 3 
7 4 . 7 3 
5 7 . 7 3 
4 6 . 3 0 
5 6 . 3 0 
5 9 . 7 3 
6 0 . 5 0 
4 9 . 3 0 
6 4 . 8 3 
6 5 . 6 3 
6 4 . 6 3 
5 2 . 2 0 
6 5 . 0 6 
6 4 . 5 3 
5 6 . 7 3 
5 1 . 3 0 
4 9 . 3 0 
6 2 . 0 0 
4 5 . 4 0 
48 .91 
6 2 . 0 8 
7 0 . 2 0 
7 2 . 4 6 
7 5 . 9 6 
7 0 . 9 0 
7 3 . 1 3 
5 8 . 2 0 
6 3 . 0 8 
7 9 . 0 6 
6 4 . 4 6 
5 4 . 6 8 
6 0 . 8 0 
6 7 . 4 6 
6 8 . 3 6 
5 1 . 5 6 
Mean 69.97 71.36 73.06 57.11 
CD. at 5^ 
Main plot treatment 
Sub'plot treatment 
The difference of main 
plot means at the same 
level of sub^plot 
The difference of sub-
plot means at the same 












.'/hen the differences of main plot means (soil treatments) 
at the same level of sub-plot (spray treatments) were consi-
dered at first cut, it was noted that about half of the 
spray treatraents, witn low basal dose (i-li^ Q ^ 75) gave higher 
values in comparison to their respective counterpart i.e., 
-150 ^I'j ^ ^ 1^0 ^ 0> ''300 ^ 150 ^ 'Mo ^0 ^^^ ^ "^ 150 ^ 75 "^ ^ 1^5 ^ 0 
ii^r^r, -P-ic:,-, X li. r -^A ^ nd SO On. On the other hand, the j)00 1 9U 15 0 
remaining spray treatments with higner Dasal level (W^QQ^ICQ) 
showed better effect than those with the lower basal level. 
At second cut, it was noted that most of the spray treatraents 
w'itii i^QQ f-jr-Q gave higher value tnan those of their respective 
counterparts. Most of the values did not show significant 
difference with each other, i oi^ rever, tiie nignest value 
given by WQ Pp (ic) with '^^ Q^Q ^\c.r) differed critically from 
the values given with •L'^-ico -^7^ • 
/^hen the values for the differences of spray treatment 
means (sub-plot) at the same level of soil treatments (main 
plot) were considered, it was found that the spray treatment 
1^0'"^ 2 ^'^7^ ^"^ first cut and WQ Pp (T,-) at second cut gave 
the highest value with W'-jco •P7C ^^^ N,QQ P^^Q respectively. 
Furthermore, at first cut, h^^ P^ (T^) and N^ ^  ^Q '^•^4'* ^ "^ '^ ^ 
^150 ^15 ^^^ '^^  second cut, i^ ^ P^ (T^) and N^ P^ '^^ 'l0^  ^ ^^ -^  
N^QQ i'lcQ T^ ere equally effective. The performance of the 
water sprayed control was poorest at both cuts. At first 
cut, the value given by control (NQ PQ) with N^CA ^75 
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differed critically with those for all the treatments. 
However, at second cut, the values shown by spray treatments 
^15 ^2 ^%^' ^^ 15 ^ 4 '^^ 12^  ^'^ ^ 1^5 ^ 6 ^'^^6^ ^* ^^00 ^150 ^ ^^^ 
at par with NQ PQ (T^) at the same level (Table 24). 
4.5.1.2 Leaf number; The basal treatment N-JCQ ^75 
gave significant maximum value over h .QQ ^\I^Q showing an 
increase of 9.2j,j at first cut whereas at second cut 
i^ P^^Q -^it^O S^'^Q "t^ e^ maximum number of leaves/plant, registering 
an increase of 40.75/0. 
i'he s )ray treatment JI.Q Pp ^^ 7^) produced maximum •^n^iaer of 
leaves/plant, showing an increase of 180.97/^ over control 
(sprayed witxi water) and differed critically with the 
reuiaining ti-eatments at first cut. At second cut, i^ cP/ ^'-'-'lO'' 
showed highest value, giving an increase of 82.15/" over control. 
However, it was equalled by K^c ^Q ^'^A) ^^^ ^^Q ^O •^^ R''* 
V/hen the difference of main plot means (basal treatments) 
at the same level of sub-plot, (spray treatments) were consi-
dered, it was noted that at first cut about half of the 
spray treatments with lower basal dose (N^^Q 1*75) gave 
higher values as compared with their respective counterparts, 
i.e., I^^Q P^5 X W^Q PQ > N^QQ P^.Q X N^Q PQ and N^^Q P^^ X 
^15 •'^ 0'^  ^300 "^ 150 ^ "'"^15 •'^0 ^ ^^ ^° °^* ^^ ^^® other hand, 
the remaining spray treatments with higher basal dose 
300 150) showed better effect than with lower basal dose. 
Table 25. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 




Basal treatment (Main plot) Basal treatment (Main plot) 
I'lean Mean 
^300^150 ^150^75 ^^300^150 ^150^75 





N Q P 2 < 
N5 P2 ( 
^10^2 < 
^15^2 < 
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^10^4 ^  
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Mean 402.25 439.40 343.70 244.19 
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub'plot 
The difference of sub-
plot means at the same 











Significant at 5;o level 
1G3 
Furthermore, the highest value given by N-jco ^ 75 ^ E^Q P2 
was at par with its coiinterpart. At second cut, it was 
noted that most of the spray treatments with higher basal 
dose (i'^-^QQ ^ -ICQ) gave higher values than those of their 
respective coimterparts. However, most of the values 
differed critically when compared with eacn other at both 
the levels of basal fertiliser. The hi£;nost value given 
"^  500 150 X N^ Pp differed critically from the value 
Siven by i'i^^^ P^^ x W'Q P2 • 
Jhen the values for the difference of spray treatment 
means at tue same level of basal treatments were talcen into 
account, it was foixnd that, at first cut, tne spray treatment 
M^.-. Pp X -'I^-Q Prvc gave the highest value but was at par with 
h.Q Pp z i^l'^oo "^I'SO ^ ^^ critically differed from most 01 the 
values recorded for different spray treatments at their 
respective basal level. At second cut, NQ Pp (Tf-) gave 
maximum number of leaves/plant with the Dasal dose ^-^QQ •P-1150 
while N^^ PQ (T-) gave maximum number of leaves with 
•"^ 150 -^ 75• •'•'' ^^® further noted that NQ P2 (Tj-) was equally 
effective with N^^ PQ (T^), N^ P^ (T^Q) and N^ Pg (T^^) at 
^300 ^150 level. At H^^Q P^ 5 level, E^^ PQ (T^) showed 
equal effect with all spray treatments, except i\l(- Pp (T^) 
and NQ PQ ( T ^ ) . The minim-om number of leaves was recorded 
in the controls (NQ PQ) with both basal levels at both 
cuts (Table 25). 
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4.5.5 Shoot length; The basal treatment I^ '^ Q^Q ^ 1150 
gave significantly the highest shoot length/plant, showing 
an increase of 5.39/o over the value for ^i^^Q Pyir a-'t first 
cut (i'able 26). 
The spray treatment i\li- P- '^-^ 'IA^  gave the niaxinium value, 
being 18.74>o higher than that of control (T^ ) at first cut. 
Moreover, treatment IJ^- P- (-f-i/) '^''as equally efl'ective witn 
the treatments i^ ^ PQ (Tg) to IJQ P^ (f^^), il^ ^ Pg (T^), 
the second cut, W^ P. (T^ .,,) proved best among the spray 
treatments, giving 26.4j)/o higher value than that of the 
control. The value given by N^ 2^ '^'-'-i-^^ ^ ^^ "^^  P^ "^  with 
those given by tne spray treatments vi.,-, P^ (T,,), i-J. [-P,,(T,), 
w^Q Pg (T^) and u^ P^ '^'^'lO'** 
4.^ .4 i'^ resh weight: The basal dose i* ^ QQ -Pif^o D^ '^ ® 
significantly the highest value, showing an increase of 
16.23/" over tne other oasal level of fertiliser (il^  |-QPr-,c) 
at the second cut only (Table 27). 
At first cut, the spray treatment ILQ P^ (T^) gave 
the maximum fresh weight, registering an increase of 106.79/° 
over control (T^). The value was significantly higher than 
those recorded for other spray treatments, except FcPgCT..). 
At second cut, W^ P. (1'-|Q) showed highest value, giving 
an increase of 90.427° over control and was found to be at 
par with that of spray treatment M^Q Pp (T^). 
Table 27. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 




Basal treatment (ifein plot) Basal treatment (I4ain plot) 
Mean Mean 
^300-^150 ^ 1 5 0 % ^^300-^150 ^150-^75 
Mean of three replicates 





N Q P ^ ( 








% ^6 < 
"10^6 ' 
"15^6 < 
; T, ) 
: ^2 ) 
, I3 ) 
• ^ 4 ' 
, T5 ) 
• ''6 ' 
h ' 
, Tg ) 




' ^ 13) 
• TT^) 


































































































Mean 793.68 730.39 784.37 674.81 
C D . at 5/0 /° 
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot 
The difference of sub-
plot means at the same 









ivF.S. i\Ton-signif icant 
* Significant at 3/° level 
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Considering the differences of main plot means (basal 
treatments) at the same level of sub-plot (spray treatments), 
it was noted that, at second cat, all spray treatments, 
except IJ.j- Pg (T.g)^gave higher value with ^^-^QQ ^\C^Q than 
with i'^iirr, ^jr' liowever, it was noteworthy that most of 
tne spraj^  treatments with higher basal level did not show 
significant difference witij tiieir respective counterparts, 
i.e., with lower basal level of fertiliser. 
when the values for tne effect of spray treatment 
means at the same level of basal treatment were considered, 
it was noted that at second cut, spray treatment hQi?2 i^ ) 
gave tne highest value with the basal dose ^'^-^QQ I'ICQ ^^^ 
showed equal effect to that of i\l.Q Pp C'-"-''?)* ^'^Q ^A ^'^q) 
and rJV P. (T.^). 1-Ioreover, at N-i CQ P^C level, the spray 
combination i^.p Pg (i^g) registered the maximum value which 
was at par with those given by LLQ Pp (i'o), N,- P^ (l\^), 
M^Q P4 (^ '11) and K^o Pg (T^^j. 
4.5.1 .5 Dry weight; The basal treatment ^-ZQQ I^ -ICO 
gave significantly the highest dry weight at both cuts. 
Like the fresh weight, the spray treatment N-IQ^? "^'•7^  
also enhanced dry matter acciimulation most at first cut. 
Moreover, the value differed critically with those for 
all other treatments. At second cut, N(- Pp. (T.Q) gave 
maximiim valueO "Which differed with those for remaining 
Table 26. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 




Basal treatment (iVIain p l o t ) 
-^ lean 
Basal treatment (Main plot) 
Mean 
^500^150 ^150-^75 ^500^150 ^150^75 













"0 *6 1 
"5 ^6 < 
«10?6 < 
"15^5 ( 
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. Tj ) 
. T3 ) 
' ^^ 4 ' 
. T 5 ) 
• ^ 6 ' 
. T7 ) 
, Tg ) 
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Mean 156.05 150.92 154.21 144.15 
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot 
The difference of sub-
plot means at the same 
level of main plot 
: 4.87* 
: 12.43 
: N. S. 





Significant at 5'> level 
N.S. Non-significant 
Table 28. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 




Basal treatment (Main plot) Basal treatment (Main plot) 
Mean Mean 
^300^150 ^ 1 5 0 % 3^00-^ 150 ^150-^75 
Mean of three replicates 
I cut II cut 
HQ^O 
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Mean 279.35 259.06 275.43 239.60 
C D . at 5^0 
Main plot treatment 
Sufc-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot 
The difference of sub-
plot means at the same 
level of main plot 
16.38^ 
28.93 
N . S . 





Significant at 5^ level 
W.3. Non-significant 
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treatments, except that for N^Q Pg (T^)* 
When the differences of main pl,ot (basal treatments) at 
the same level of sub-plot (spray treatments) were considered, 
it was noted that all spray treatments gave higher values 
with N,QQ P^cQ ^^^^ those given with N^CQ ^75 ^^ second cut 
only. However, with N^^Q -^ 75 l®"^ ©!* ^15 Pg '^^ 16^  showed 
higher value but it did not differ critically with its 
counterpart, i.e., ^-^QQ ^ 150 •'• ^15 •'^ 6' 
Considering the difference of spray treatment at the 
same level of basal treatments, it emerged that, at N^QQ P-I^Q 
level) Nc P^ ^^10^ recorded the highest value which was at 
par with those given by NQ Pg (T^) and N^Q Pg (T,,) at second 
cut. Furthermore, with low basal level (N^CQ P^ tr), spray of 
N.j- 'Br (^ ig) proved best. It has been already mentioned that 
the interaction effects were non-significant at first cut 
(Table 28). 
4.5.2 Yield characteristics; The effect of main plot 
was significant on all the characteristics studied, except 
essential oil percentage at both cuts and essential oil yield 
at first cut. Considering the sub-plot treatments, their 
effect was significant on all the yield attributes. The 
difference between two treatment means at the same level of 
spray or basal treatment was found to be significant on all 
the parameters considered, except herbage yield at first cut. 
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The data are briefly described below and are summarised in 
Tables 29-31. 
4.5»2.1 Herbage yield: The basal dose (N,QQ ^'\CQ) 
registered significantly higher yield showing an increase 
of 6.24 and 16,27/^ over the other fertiliser level (^ 150-^ 75^  
at first and second cut respectively. 
The foliar treatment W.Q Pp (T^) gave the maximum yield 
showing an increase of 106.25yo over water sprayed control 
i.e., ^QPQ (T.) at first cut. Its value differed critically 
from the rest of the values, except that given by N^Pg (T^^). 
At second cut, H^ P. ^'^'\Q) gave the highest value giving an 
increase of 90.46;b over the control. The value given by this 
treatment (T.Q) was at par with that of I^.Q Pp (Ty) and 
differed critically with the rest of the treatments. 
When the differences of main plot means (basal treatments) 
at the same level of sub-plot (spray treatments) were considered, 
it was noted, at second cut only, that all spray treatments 
(including control) gave higher values with N,QQ P^CQ "tiian 
the values given by corresponding sprays with N.^Q ^75 basal 
level. However, N.^ Pg x ^^CQ P^C gave a higher value than 
its counterparts, i.e., N,QQ ^150 -^  ^ 15 ^6 ^^* ^^® *^° were 
at par. Furthermore, about half of the values given by 
foliar treatments with N,QQ P^^Q t)asal level did not differ 
critically with their respective values with N.^Q ^75 t>asal 
level. 
Table 29. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 











i'lean iiean Mean 
-"300^150 N P 
^'150^75 ^^300^150 ^^150^75 
I cut 
I'lean of three replicates 
II cut Total 
^ 0 ^ 0 < 
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Mean 24.50 23.06 24.50 21 .07 49.00 44.13 
C D . at 5 /o 
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot 
The difference of sub-
plot means at the same 





1 .58"^  
3.42 
N.S. 2.24 






Table 50. Effect of individual and combined leaf-ap-^lied ni'rogen and phosphorus with two 




Basal treatment (I'lain plot) 'ean Basal treatment (Main plot) Mean 
'^300-^ 150 'M 50^75 -'300-^ 150 M^ 50-^ 75 
. lean of t h r e e r e t ) l i c a t e s 
I cut 
"o ^0 
" 5 ^0 
"lO^O 
••15^0 
" 0 ^ 2 ' 
F5 Pg 1 
"10^2 1 
»15^2 < 
" 0 ^ 4 < 
H 5 P 4 ' 
S10S4 < 
''15^4 ' 
' ' o ^ e < 
H^ Pg J 
"10*6 
"15^6 < 
( Ti ) 
[ I 2 ) 
I T, ) 
1 T4 ) 
' ^^5 > 
' ' '6 > 
. I 7 ) 
^a > 
Tg ) 
^ lo ' 
• ' ^ l l ' 
1 , 2 ' 
^ 1 3 ' 
• '^ u' 
. I 1 5 ) 
^ 1 6 ' 
0 . 5 6 7 
0 . 6 6 9 
0.581 
GO.570 
0 . 6 3 4 
0 . 6 8 7 
0 . 6 8 4 
0 . 6 0 5 
0 . 6 0 6 
0 . 5 9 0 
0 . 5 9 3 
0 . 6 4 8 
0 . 5 7 6 
0 . 7 1 7 
0 0 . 6 8 6 
0 . 6 6 8 
0 . 5 1 2 
0 . 5 5 6 
O.6I5 
0 . 6 6 4 
0 . 6 1 0 
0 . 5 8 4 
0.611 
0 . 6 1 0 
0 . 6 1 4 
0 . 5 8 4 
0 . 6 0 4 
0 . 6 5 7 
0 . 6 2 8 
0 . 5 8 4 
0 . 5 5 0 
0 . 5 4 6 




0 . 6 1 7 
0 .622 
0 . 6 3 6 
0 . 6 4 8 
0 . 6 0 7 
0 . 6 1 0 
0 . 5 8 7 
0 . 5 9 3 
0 .652 
0 . 6 0 2 
0 . 6 5 0 
0 . 6 1 8 
0 . 6 0 7 
0 .465 
0 . 6 3 0 
0 . 7 5 7 
0 . 8 4 6 
0 . 6 2 7 
0 . 6 1 7 
0 .682 
0 . 6 5 7 
0 . 7 4 8 
0 .799 
0 .631 
0 . 6 0 0 
0 . 6 1 0 
0 . 6 8 6 
0 . 6 4 6 
0 . 5 8 0 
0 . 4 4 8 
0 . 6 7 0 
0.791 
0 . 7 2 7 
O . 5 I 6 
0 . 5 6 6 
0 . 6 5 0 
0 . 5 7 5 
0 . 5 8 4 
0 . 5 3 8 




0 . 7 0 9 
0 . 5 8 8 
0 . 4 5 6 
0 . 6 5 0 
0 . 7 7 4 
0 . 7 8 6 
0.571 
0.591 
0 . 6 6 6 
0.616 
0 . 6 6 6 
0 .669 
0 . 6 8 8 
0 . 6 0 5 
0 . 6 2 6 
0.581 
0 . 6 I J 
0 . 5 8 4 
Mean 0 . 6 3 0 0 . 5 9 5 0 .661 0.614 
C D . a t 5 ^  
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot' 
The difference of sub-
plot means at the same 
level of main plot 








i j . S . S o n - S i a m i f i c a n t 
* S i A ' n i f i c a n t a t 5 ^ l e v e l 
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When the values for the difference of spray treatment 
means at the same level of basal treatment were taken into 
account, it was foirnd, at second cut only, that the spray 
treatment NQ Pp '^^ 5) gave the highest value with the basal 
dose N,QQ 1^150 "^ ^^ ^ differed critically from the remaining 
treatments, except N^Q P2 (T^), NQ P^ (Tg) and N^ P^ (T^Q^' 
The minimTim yield was recorded in the control. At the 
other basal level of N.^A Pyc* "the spray combination 
N.c Pg ^^16^ proved best, differing critically from otherj^  
except N^Q Pg (T^), N^ P^ (T^Q), N^Q P^ (T^^) and 
N.Q Pg (T.C)» At this level also, the control gave the 
poorest yield. 
Considering the total of two cuts, the effect of main 
plot, sub-plot as well as their interactions were foimd 
significant. The higher basal dose (N^QQ PICQ) gave signi-
ficantly higher yield than that of lower dose (N^CQ -^ 75) 
giving 11.03^ increase. The spray treatment N^Q Pp (T^) 
gave the highest yield, showing an increase of 95.82?^ 
over control. It differed critically from the rest of 
the values. When the differences of main plot means at 
the same level of sub-plot were taken into account, it was 
noted that all spray treatments, except N-.^  Pc (1^ 15) gave 
higher value with N,QQ P^^Q "tl^an with N^^o ^75* However, 
the value given by the combination ^^CQ ^JC ^ N^C Pg was 
at par with that shown by ^-ZQQ ^ 150 -^  ^15 -^ 6* ^^®^ '^^^ 
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values for the difference of spray treatment means at the 
same level of basal treatment were considered, it was 
found that the spray combination N^Q 'S^ (Ty) gave the 
highest value with N^QQ •^ 1(50 ^^^ differed critically from 
the rest, except N^ S, ^^10^* ^^ ^^® ^150 •^ 75 ^ ®"^®-'- i^lso, 
N.Q Pp {irj) proved best and differed critically from about 
half of the treatments. At both the levels of basal 
fertiliser, the control gave the poorest herbage yield 
(Table 29). 
4.5.2.2 Essential oil content; As mentioned earlier, 
the effect of main plot was non-significant on essentjal 
oil percentage at both cuts. 
However, all spray treatments gave higher values of 
essential oil percentage than that of control. Of the spray 
treatments, N^ .^ P, C'^ -jp^  gave the maximiom essential oil 
percentage at first cut, being 20.96?^ higher than the control, 
It did not differ critically with the rest of the treatments, 
except Nc P^ ^^10^ ^ ^^ control (T^). At the second cut, 
W^c PQ ^ ^4^ proved best, showing an increase of 72.36^ 
over the control and differed from the rest, except 
N^Q PQ ( T - ) , In this case also, the control gave the minimum 
value. 
Considering the differences of main plot means at the 
same level of sub-plot, it was noted that about half of the 
spray treatments gave higher values with ^•;^QQ ^150 ^ o^ P^ -^ ®^  
no 
to their respective values with N^CQ ^75 ^^ both cuts. It 
is noteworthy that all these values at first cut, and 
most of the values at second cut, did not differ critically 
from one another. 
When the values for the difference of spray treatment 
means at the same level of basal treatment were taken into 
account, it was found that the spray treatment N^ '^5 ^ T^.) 
gave the highest value at N^QQ -^ 150 -^®'^®-^» differing criti-
cally from the rest of the values, except those shown by 
treatments N^ PQ (T2), N^ Pg (Tg), N^Q ^^ "^^ y^ ' ^ 15 ^4 ^^12^' 
N^Q Pg (T^c) and N^^ Pg (^ g^) at first cut. At lower basal 
dose (J^-tcA ^ 7c;)» i^c; ^Q (^4.) proved best but was equally 
effective with the rest, except NQ PQ ( T ^ ) , N^ PQ (12)* 
^10 ^6 ^^15^ ^ ^^ ^15 ^6 ^^16^* ^^ second cut, N^^ PQ (T^) 
with N^QQ P^cQ showed the maximum value which differed 
critically from the remaining treatments, except N^Q PQ ( T ^ ) , 
NQ P. (TQ) and N^ P. (T^Q). It is further added that, at 
lower level (if^ cQ -^ 75 ^» •'^in "^ 0 ^ ^3^ proved best and differed 
critically from the rest, except N^^ PQ ( T . ) , N^Q P^ C^^^) 
and N^Q Pg (T^e)« ^he minimum values were recorded with 
controls at each cut (Table 30). 
4.5.2,5 Essential oil yield: The basal dose ^-ZQQ ^AC^Q 
gavd significantly higher essential oil yield/ha^showing an 
increase of 25.935^ ^ over that of N^^Q P7C at second cut only 
(Table 31 ). 
I l l 
The effect of spray treatments was significant at both 
cuts. Among the spray treatments, N^ Q P2 (T,,) gave the 
highest essential oil yield, registering an increase of 
149.48?^  over control at first cut. However, it was equalled 
by the treatment N^ Pg (T^  . ) . At second cut, N^^ PQ ^^4^ 
proved best, showing an increase of 199.48^ over control. 
It differed critically with all the treatments, except 
When the differences of main plot means at the same 
level of sub-plot were taken into account, it emerged, at 
first cut, that all spray treatments, except N^Q PQ ( T ^ ) , 
^15 ^0 ^^4^' ^ 10 ^4 ^^11^' ^^ 15 ^ 4 ^^12) ^^ ^0 ^6 ^ ^13^ 
gave higher values with N^QQ P^ ^ Q as compared with the 
values given by the corresponding sprays with ^'^CQ ^ 75* I't 
was noteworthy that all the treatments, except Nj- Pp (Tg), 
N^Q P2 (To) and N.Q P^ {T^C)» showed equal values at both 
the levels of basal fertilisers. At second cut, it was 
found that all spray treatments, except N.Q P. (T..), 
^10 -^6 ^ ^15^ ^ ^ ^15 -^ 6 ^ ^16^' ^^ "^ ^ higher values with 
^300 "^ 150 "^ ^^ -^  '^^^ values given by their respective 
counterparts. Moreover, the values given by the treatments 
N5 PQ (Tg), N^o PQ (T3), N5 P2 (Tg), N^5 P2 (TQ), N^QP^ (T^^) 
^15 ^4 ^^12^' NQ Pg (1^3), N^o Pg (T^5), and ^^5 Pg (T^g) 
with lower basal level of fertiliser (N^^Q 1*75) did not 
critically differ with the values given by the corresponding 
Table 31• Effect of individual and combined leaf-applied nitrogen and phosphorus with two 
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Mean 156.07 137.01 
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot 
The difference of sub-
plot means at the same 


















* Significant at 5>o level 
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sprays with the higher basal level (N,QQ P^CQ)* 
Considering the values for the difference of spray 
treatment means at the same level of soil treatment, it 
was noted, at first cut, that the treatment N^Q Pg (Ty) 
gave the highest essential oil yield with ^-ZQQ ^ 150 ^^^ 
differed critically from the rest, except N(- Pg (T^.). 
At N-iiro ^ 7c level, N^ .^  PQ (T.) gave the mazimum value 
which differed from the rest, except those given by 
N^Q PQ ( T ^ ) , W^Q P2 (T^), N15 P2 (Tg) and N^Q P^ (T^^) to 
N|- Pg (T^.). At the second cut, N^ P. ^'^\Q) proved best 
with J^ -^Qo -PicsO ^ ^^ ^^^ equally effective with treatments 
W^5 PQ (T4) and NQ P4 (Tg). At N^^Q P^^ level, M^Q ^^^'^U^ 
gave the maximum value that differed from the rest, except 
JJ^ Q PQ ( T ^ ) , U^5 PQ (T4), N^Q P2 (T^), N^Q Pg (T^^) and 
When the total of both the cuts was taken into acco\mt, 
the effect of main plot was foumd non-significant. Conside-
ring the spray treatment, N^Q P2 (T„) exhibited the maximum 
value. It differed critically from the rest of the 
treatments, except N^c PQ ( T . ) , and showed an increase of 
158.80?^ over control (sprayed with water). When the diffe-
rences of main plot means at the same level of sub-plot 
were taken into account, it was noted that all spray 
treatments, except N^Q P. (T^^) and NQ Pg (T^,), gave higher 
values with N,QQ P-ICQ compared to the values given by the 
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corresponding sprays with ^^CQ ^75* ^'^ was noteworthy 
that the values given by spray treatments N^ PQ ^^2^' 
did not significantly differ at both the basal levels of 
fertiliser, i.e., ^ACQ ^jtz and N,QQ P^JCQ* When the values 
for the difference of spray treatment means at the same 
level of soil treatment were considered, it was found that 
the treatment E.Q P^ (Ty) gave the highest value with 
N^QQ -^ 150 ^^^ differed critically from the rest, except 
K5 P^ (T^Q) and M5 Pg (1^4). At N^5Q P^^ level, N^^PQ (T^) 
proved best and was equally effective with H.Q PQ ( T ^ ) , 
4.5.3 Essential oil quality; The effect of main plot 
as well as sub-plot treatments was significant on citral 
percentage at each cut. The differences between two 
treatment means at the same level of spray or basal 
treatment was also significant at both cuts (Table 32). 
The basal treatment N^JCQ Pyc gave significantly higher 
citral percentage than N^QO •^ 150* ^^® increase of 1 ,OAfo 
and 0.99?^  over ^-ZQQ ^150 ^ as obtained at first and second 
cut respectively. 
Of the spray treatments, U^c ^A ^"^IP^ gave the maximum 
value showing an increase of 3•25?^  over control (sprayed 
with water) at first cut. It differed critically from the 
Table 32. Effect of individual and combined leaf-apiolied nitrogen and phosphorus with two 




Basal treatment (Jlain plot) 
Mean 
Basal treatment (l^ Iain plot) 
^300-^150 ^150^75 ^300-^150 ^150^75 
Mean 
Mean of t h r e e r e p l i c a t e s 
I cu t I I cu t 
^0 ^0 ' 
N5 P Q < 
^ 1 0 ^ 0 < 
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Hean 93 .64 94.61 91 .62 92 .53 
O.D. a t 5fo 
Main p l o t t r e a t m e n t : 0.80^ 
SNib-plot t r e a t m e n t : 0.62 
The differences of main 
plot means at the same ^ 
level of sub-plot : 1.10 
The difference of sub-
plot meajas at the same ^ 





* Significant at 5/o level 
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rest of the values, except those given by N^ PQ (T2)» 
N^Q PQ (T^), NQ P2 (T^) and N^Q Pg (T^^). At second cut, 
NQ P. (TQ) gave significantly the highest value and showed 
an increase of l.\\'/o over the control. 
When the differences of main plot means at the same 
level of sub plot were taken into account, it was noted, 
at first cut, that all spray treatments, except N(- PQ (T2), 
gave higher values with N^[-Q Pyj- than those given by 
corresponding sprays with N^QQ P-ICO* These values differed 
critically with each other, except those given by ^-ZQQ PI 50 ^ 
N^Q PQ and N^  ^ Q N^^ X I^ Q^ PQ; N^QQ P^^Q X W^ P^ and 
-^ 150 ^ 75 ^ ^ 5 ^4' ^ 3^00 ^ 150 ^ ^10 ^4 ^^ '^  ^ 150 ^75 ^ ^10 ^ 4' 
^300 ^150 ^ ^15 ^4 ^^ '^\50 ^75 "^  ^15 ^4 ^^^ ^300 ^150 ^ 
N|- Pg and N.[-Q Pyj- x Nt- Pg. More or less, at the second 
cut also, all spray treatments, except N^  j- PQ ( T . ) , 
N^Q Pg (T„) to N^Q P. ( T ^ ^ ) , gave higher values with 
N.j-Q Pyt- compared to their respective values with N^QQ P-I^ 'Q* 
It was noteworthy that all these higher values with N^ i-QPyc 
differed critically from one another, except N^Q Pg (T^c). 
Considering the values for the difference of spray 
treatment means at the same level of basal treatment, it 
was noted, at first cut, that the spray treatment ^A^'SA'^^2^ 
gave the highest value at N^QQ P^CQ level, differing 
critically from the rest of the values, except that given 
Table 33. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 






^300^150 1^50-^ 75 
Mean 
Basal treatment 
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Heam 140.46 134.97 139.64 130.27 280.10 265.24 
C D . a t 3% 
Main p l o t treatment : N .S . 
Sub-plot treatment : 19.02 
The d i f f erence of main 
p l o t aeans a t t h e same 
l e v e l of sub-plot : N.S . 
The d i f f erence of s u b -
p l o t means a t t h e same 












by the treatment N^ PQ (Tg). At N^CQ Pr^ c level of basal 
fertiliser, the spray NQ Pg (T^) proved best and differed 
critically from other treatments, except 11 ^ a PQ ( T . ) , 
N^ P2 (Tg), N^Q Pg (T^^) and N^^ Pg (T^g). At second cut, 
the spray treatment N.Q P. (T^^) gave the maximum value 
with ^•:iQQ P-ico ^ ^d differed critically from the rest, 
except NQ P^ (Tg). At W^^Q P^^ level, NQ P^ (Tg) gave 
significantly the highest value for citral percentage. 
Citral yield per hectare(calculated on the basis of 
essential oil yield) was affected significantly by sub-
plot treatments (spray) at both cuts as well as when their 
total was computed. The effects of main plots and the 
differences between two treatment means at the same level 
of spray or basal treatment were found non-significant at 
both cuts and on cumulative basis (Table 33). 
Of the spray treatments, N^Q Pp (Ty) exhibited the 
highest citral yield, being 153•25^ more than in water 
sprayed control at first cut. It differed critically from 
the rest of the values, except that given by N^ Pg ('^IA)* 
At second cut, N^c PQ ^'^A) gave the maximum value, showing 
an increase of 215.159^ over control. It differed critically 
from other values, except those given by N.Q PQ (T:,), 
N^Q P2 (T^), N5 P4 (T^Q) and N^Q P^ ( T ^ ^ ) . 
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Cumulatively, citral yield was found maximum in spray 
treatment K^Q Pg i'^j), showing an increase of 162.85% over 
control. It differed critically from the remaining values, 
except those given by W^c PQ (T^) and N^ P^ •^'^ 10^  * 
4.5.4 Nutrient contents; The nutrient contents, 
nitrogen, phosphorus and potassium, in laminae of leaves 
were studied. The NPK content, expressed as percentage, 
on dry weight basis, was determined at two stages of harvest. 
The data are presented in Tables 34-36 and are summarised 
below. 
4,5.4.1 Nitrogen: The N concentration of the leaves 
was signficantly affected by basal as well as spray treat-
ments at both cuts. The interactions between basal and 
foliar application were also significant. The results are 
shown in Table 34. 
The value for the percentage of leaf N recorded for 
lower basal level (N^CQ P^C) was significantly higher than 
that for N,QQ ^150 ^^ first cut. However, at second cut, 
it was significantly higher with N^QQ -^ 150 "''^ ^^  given by 
^150 -^ 75* 
Of the spray treatments, the maximxim content of N in 
leaves was given by treatment N^Q P2 (T„) which differed 
critically from the rest of the treatments. At the second 
cut, N^c ^Q (T^) proved best and differed critically from 
Table 34. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 




Basal treatment (Main plot) 
Mean 
Basal treatment (Main plot) Mean 
^300-^150 ^150^75 3^00-^ 150 ^^ 50^75 
Mean of three replicates 
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Mean 2.137 2.237 1 .971 1.791 
C D . a t 5/'» 
Mgiin p l o t t r e a t m e n t : 0.036 
Sub-p lo t t r e a t m e n t : 0 .074 
The d i f f e r e n c e of main 
pl^-t meaxis aii t i ie same ^ 
l0Tel of sub-plot : 0.106 
TUe difference of sub-
plot means at the sane ^ 
level of main plot : 0.105 






the rest, except the treatments Nc '^A ^^IO^* '^ 10 "^ 4 ^ ^11^ 
and N^5 P^ (T^2^-
Regarding the differences of main plot means at the 
same level of sub-plot, it was noted that at first cut, 
all spray treatments, except N^ PQ (Tg) and N^c P^^ ^^12^ 
to N.c Pg (T.g), gave higher values with low basal dose 
(N.CQ -Prjn) than their respective counterparts. Moreover, 
the treatments N^ PQ {'I^) , N^ Q PQ (T^) and NQ Pg (T^^) 
showed equal values at both the main plot treatments. At 
the second cut, about half of the spray treatments with 
N^QQ P^cQ gave higher values as compared with their respective 
counterparts. Further, the treatments NQ Pp (Tj-), N^Pg (Tg)^ 
NQ P. (TQ) and N.Q Pg ('^ ic) proved equal at both level of 
basal fertiliser. 
Considering the values of the differences of spray 
treatments means at the same level of basal treatment, 
it was found, at first cut, that treatment N^ ,- Pg (^ -ig) 
gave the maximum N content with ^-^QQ ^ ICQ basal level and 
it was equalled by the value given by N.^ ^A (T^p^* ^^ 
•"^ 150 -^ 75 1®"^ ®!* ^ 10 ^ 2 ^^7^ proved best and differed 
critically with the values of the rest, except that for 
N^ P^ ( T ^ Q ) . At the second cut, N^c PQ (T,) gave the 
maximiim value with N^QQ P^^Q but was equal with that for 
N-15 P2 (5?Q). At N^^Q P^^ level, N^ ^  P^ "^^ 12^  proved best 
and was equally effective with N^Q P. (T^.). 
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4.5 .4.2 Ptiosptiorus; The P concentration in leaves 
was significantly affected by basal treatments at second 
cut only. The effect of spray was found to be significant 
at both cuts. The interaction effects between spray and 
soil application were also significant at each cut (Table 35) 
Considering the effect of basal treatments, at second 
cut, the value for P concentration in the leaves was 
significantly higher with N^CQ ^75 than that with N^QQP^^Q* 
Of the spray treatments, WQ Pg (^ •13) gave significantly 
the maximum value at first cut. At second cut, WQ P.(TQ) 
proved best and differed critically from the rest, except 
Regarding the differences of main plot means at the 
same level of sub-plot, it was found, at first cut, that 
half of the spray treatments gave higher values with 
^150 "^ 75 compared to their corresponding values with 
'300 ^ 150* ^^® treatments N^Q PQ ( T ^ ) , N^^ PQ ( T ^ ) , 
N^Q P. (T-j^ ) and N^^ Pg '^^ 15) gave equal values at both 
the levels of basal fertiliser. At second cut, the values 
given by ten out of the sixteen spray treatments were 
higher with N^^Q P^^ than those shown with N,QQ ^i^n* 
Moreover, the treatment Nc P. (T^Q) exhibited equal effect 
at both the levels of basal fertiliser. 
119 
When the values for the differences of spray treatment 
means at the same level of basal treatment vere considered, 
it was noted, at first cut, that the spray NQ P^ (T-|^) gave 
significantly the maximum P concentration at both the levels 
of basal fertiliser. At the second cut, spray N^^^g ^^16^ 
gave significantly the maximum value at N^QO "^ 150 1®"^ ®!* 
At N.f-Q Py^ level, NQ Pg (^ 13) proved best and differed 
critically with the rest, except E^Q ^2 (^7)* 
4.5.4.5 Potassium; Table 36 reveals that basal as 
well as spray treatments affected leaf K concentration 
significantly at each cut. The interactions between 
spray and basal treatments were also found significant 
at both cuts. 
Regarding basal doses, it was noted at both cuts, that 
N^QQ P.cQ gave significantly higher values than those for 
150 ^ 75* 
Among spray treatments, N^c PQ (T.) gave the maximum 
value that differed critically from the rest, except those 
given by N^^ P. (^ g^) "^-^  N^Q P2 (T^). At second cut, 
N^Q P2 (T„) gave significantly the maximum concentration 
of K. 
When the differences of main plot means at the same 
level of sub-plot were considered, it was foiind, at first 
cut, that all the spray treatments gave higher values with 
Table 55* Effect of individual and combined leaf-applied nitrogen and phosphorus with two 




Basal treatment (Main plot) Basal treatment {I'ia.ln plot) 
I'lean Mean 
^300^150 N't 50^75 ^SoO-^150 ^150^75 
Mean of three replicates 
^ 0 ^ 0 
% ?o < 
^10^0 < 
^15^0 ' 
N Q P 2 < 
S ^2 ' 
^10^2 ' 
N P 
^^ 15 2 
^ 0 ^ 4 * 
H 5 P 4 < 
^10^4 < 
^15^4 < 
^ 0 ^ 6 < 
» 5 ^ 6 < 
•l^i#^i()« 
"li^e 
: I , : 
: Tg : 
; T , : 
; T4 : 
: T5 : 
'• ' ^ 6 ; 
; T , ; 
; Tg : 
; Tg ; 
: '^lo; 
• ' ^ n ' 
; T,^: 
T , , ) 
' ^ u; 
i Jt)^^ 
' ^ 6 ; 
I cut 
0 . 2 2 3 
> 0 . 2 3 3 
1 0 . 2 6 0 
1 0 . 2 7 0 
) 0 . 2 8 9 
0 . 2 7 0 
1 0 . 2 8 6 
I 0 . 2 9 5 
) 0 . 3 7 0 
1 0 . 2 7 4 
0 . 2 9 2 
1 0 . 3 2 0 
0 . 4 6 8 
0 . 2 8 2 
) 0|3O5 
) 0 . 3 4 2 
0 . 2 4 7 
0 . 2 6 5 
0 . 2 6 6 
0 . 2 7 7 
" ' 0 . 2 6 9 
0 . 3 0 4 
0 .259 
0 . 2 4 7 
' 0 . 3 2 5 
0 . 2 9 4 
0 . 2 8 9 





0 . 2 3 5 
0 .249 
,'•' 0 . 2 6 3 
\ - J 
, u ^ ^ ••0.274 
0 .279 
,-,. 0 . 2 8 7 
* . ,<\.0.273 
^ 0 .271 
^ ^ 0 . 3 4 8 
' ^ 0 . 2 8 4 
. ' . . \ 0 . 2 9 0 
' 0 .295 
^ 0 . 4 4 8 
' "^ 0 . 3 2 2 
fj'-" 0 ,315 
\ , ,^ 0 . 3 3 7 
I I ( 
0 . 2 2 2 
0 . 2 3 8 
0 . 2 2 5 
0 . 2 2 5 
0 . 2 2 5 
0 . 2 3 2 
0 . 2 5 3 
0 . 2 5 8 
0 . 3 8 0 
0 . 3 0 9 
0 . 3 3 4 
0 . 3 4 4 
0 . 3 2 4 
0 .292 
> 
0 i 3 4 4 
0)401 
3Ut 
0 . 2 8 8 
0 . 3 2 5 
0 . 3 3 0 
0 . 3 1 4 
0 . 3 0 5 
0 . 2 9 2 
0 . 3 4 5 
0 -332 - . 
0 . 3 2 6 
0 . 3 0 5 
0 . 2 9 4 
0 . 2 9 4 
0 . 3 5 6 
0 . 3 0 5 
0;292 
0 . 2 9 2 
0 . 2 5 5 
0 . 2 8 2 
0 . 2 7 8 
0 . 2 6 9 
0 . 2 6 5 
0 . 2 6 2 
0 .299 
0 .295 
0 . 3 5 3 
0 . 3 0 7 
0 . 3 1 4 
0 . 3 1 9 
0 . 3 4 0 
0 . 2 9 8 
O.3I8 
0 . 3 4 ^ 
Mean 0.298 0.297 0.288 0.312 
CD. at 5^0 
Main plot treatment 
Sub-plot treatment 
The difference of main 
plot means at the same 
level of sub-plot 
fhe difference of sub-
plot means at the same 









K.S. i\i on-significant 
* Significant at 5/'o level 
Table 36. Effect of individual and combined leaf-applied nitrogen and phosphorus with two 
combined basal doses of N and P on potassium content {/o) in leaves of lemongrass 
C Oymbopogon flexuosus) 
Foliar treatment 
(sub-^lot) 
Basal treatment (JIain plot) 
^300^150 N P 
I lean 
j3asal t r e a t m e n t (Hain p l o t ) 
Mean 
^^300^150 ^150-^75 
Mean of three replicates 
^0 ^ 0 
^5 ^ 2 
^10^2 
^15^2 
( I , ) 
( T 2 ) 
( T 3 ) 
( I 4 ) 
C I5 ) 
( Tg ) 
( Is ) 
( T9 ) 
C I , , ) 
( T,2) 
' ^ 1 S > 



































































































Mean 1.945 1,609 1 .689 1.471 
CD. at 5> 
Main p lo t treatment 
Sub-plot treatment 
The d i f f erence of main 
p l o t means at the same 
l e v e l of sub-plot 
The d i f f erence of s u b -
p l o t means at the same 
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N~QQ -^ic^ o '^^^^ their respective counterparts with N^co^75* 
However, the treatments N^ ^  PQ ( T ^ ) , N^ P^ ^"^IO^* ^10 ^ 4^*^11^ 
and NQ Pg (^ ix) gave equal values at each level of basal 
fertiliser. At second cut, all the spray treatments, except 
N^ P2 (Tg) and NQ Pg (T^^) with N^QQ P^^Q, gave higher 
values compared to their respective counterparts. Moreover, 
the sprays N^ PQ (Tg), N^^ PQ ( T ^ ) , MQ Pg (T5), N^P^ (T^Q), 
N.(- P. (^ ip) 3^^ ^ 15 -^6 ^ "^ 14^  gave equal values at both the 
basal levels of fertiliser. 
Regarding the differences of spray treatment means at 
the same level of basal treatment, at first cut, W.j- P-CT^p) 
gave significantly maximum value with N^QQ ^ICQ* ^'^ 
N^^Q P^^ level, W^^ PQ (T^) proved best and differed 
critically from the rest, except N^Q Pp ( T ^ ) . At second 
cut, it was noted that spray treatment N.Q Pp (T^) gave 
the highest value with N,QQ •^ •150 ^ ^^ differed critically 
from the rest, except NQ P. (TQ). At N^^Q ^75 level, 
N^Q Pg (T,,) proved best and significantly differed with 
the rest, except N^ Pg (Tg) and NQ Pg (T^,). 
DISCUSSION 
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The pattern of growth and development as well as yield 
of any plant is essentially pre-determined by its genotype. 
However, the manifestation of hereditary characters depends 
to a large extent on the environmental factors to which the 
plant is subjected during its growth and development. Of 
these factors, the uptake and utilisation of mineral 
nutrients from the soil, or from fertilisers applied to it, 
is of prime importance. Among the essential nutrients, 
nitrogen, phosphorus and potassium are removed by plants in 
rather large quantities and most soils soon become depleted 
of these macronutrients. Hence, application of mineral 
nutrients to the soil at the time of each sowing restores 
soil fertility, and thereby ensures good yield. A consi-
derable fraction of these basal fertilisers is, however, 
rendered unavailable to the crop by rapid fixation and 
leaching (Bould, 1963)» To offset this, top dressing is 
generally advised. The same aim may be achieved by foliar 
application of nutrients (Boynton, 1954; Wittwer and 
Teubner, 1959; De, 1971; Afridi and Wasiuddin, 1979). 
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In view of its importance as a source of citral used 
in various industries, lemongrass was selected for field 
trials to determine its NPK requirements. The experiments 
described in the preceding pages were planned with two 
objectives: 
(1) to establish the optimum NPK dose under local conditions, 
(2) to investigate the feasibility of fertiliser economy 
by using the technique of foliar spray. 
For the sake of convenience, the results of the first 
three field trials are discussed together and those of the 
two remaining experiments separately. 
5 .1 Response to individual U,P and K 
These three experiments were conducted in 1979 to 
investigate the effect of 8 levels each of basal W,P and K 
on growth, yield, essential oil content and quality as well 
as NPE content of leaves of lemongrass. 
5.1.1 Growth; It may be noted from Tables 8,12 and 
16 that all five growth characteristics studied (culm and 
leaf number/plant, shoot length and fresh and dry weight/ 
plant) were increased significantly (except shoot length/ 
plant at first cut with N levels) at all the three cuts 
due to N,P and K applied individually. The response of 
lemongrass to various N and P doses seems to depend upon 
the relative availability of these nutrients in the soil 
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which was found low for N and P (Expts, 1 and 2) as shown 
in Table 1. The faTOurable response of various growth 
parameters to these nutrients is under-standable and may 
be due to their well established roles in promoting the 
overall growth and development of plants. These macro-
nutrients are involved directly or indirectly in almost 
all physiological activities of the plant (Hewitt, 1963; 
Bidwell, 1979; Devlin, 1981). 
This beneficial effect of individual application of 
N,P and K corroborates some of the findings of Pillay (1961) 
and Mohanty and Misra (1963) on the general growth behaviour 
of lemongrass (Cymbopogon flexuosus); Gupta et_ al. (1978) on 
tiller niimber, plant height and fresh weight of flowering 
tops of palmarosa (Cymbopogon martinii var. motla) and 
Chandra (1972), Ganguly and Thyagarajan (1977) on Java 
citronella (Cymbopogon winterianus). 
Concerning various levels of N, all growth parameters 
were foujid to be optimally increased by 300 Kg N/ha at 
first and third cuts. At second cut, 250 Kg l/ha gave the 
best results, with 300 Kg N/ha following close behind. 
Growth is a manifestation of the interplay of the meristematic 
and metabolic processes. These include cell division, 
elongation and expansion; nitrogen metabolism and dry matter 
production which are responsible for meristematic activity. 
This leads to branching, elongation and increase in volxime 
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and weight which are known to be particularly enhanced in 
response to N application (Devlin, 1981). Moreover, a 
liberal supply of N increases the length, number of 
branches (including tiller production in grasses) and 
fresh and dry weight of both root and shoot (Hewitt, 1963), 
Considering the effect of P levels on all growth 
parameters at the three cuts, good response was noted at 
100 to 150 Kg PpOc/ha, with 125 Kg '2,^^/hB. showing an edge 
over the other two doses. This beneficial effect of P 
application is due to its role in meristematic activity 
through its involvement in nucleoproteins and co-enzymes 
etc., leading to enhanced culm and leaf formation 
(aregory, 1937; Russell, 1950; Devlin, 1981). 
Regarding different K levels, most growth character-
istics were increased significantly by 160 Kg KpO/ha at 
the three cuts. K affects the fresh weight by increasing 
the hydrature of protoplasm. Moreover, it is known to be 
a co-factor for a number of enzyme systems and plays an 
important role in most physiological activities, including 
photosynthesis and nitrogen metabolism which are mainly 
responsible for dry matter production (Nason and McKLroy, 
1963; Evans and Sorger, 1966). 
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5'^ .2. Yield and essential oil content; Individual 
application of N,P and K resulted in significant increased 
herbage yield. The essential oil percentage was also 
increased significsuitly (except by P application at third 
cut). Expectedly, the computed essential oil yield of 
lemongrass in response to the application of each nutrient 
was found to be significant at all the three cuts (Tables, 9, 
13 and 17). These nutrients were seen to affect favourably 
all growth parameters, including culm and leaf number and 
fresh weight/plant. This beneficial effect of the individual 
of N,P and K confirms some of the findings of Nair and 
Nair (1977), Nair et al. (1978) and Nair et al. (1979) on 
Bast Indian lemongrass (Gymbopogon fexuosus var. OD-19); 
Prasad (1978) and Prasad and Mukherjee (1980) on West Indian 
lemongrass (Cymbopogon citratus); Atal and Bradu (1975) and 
Singh et. al. (1977) on Jammu Lenongrass (Cymbopogon pendulus 
var. RE.L-16); Samra et. al. (1977), Gupta et al. (1978) and 
Sharma et. al.. (1980) on palmarosa (Cymbopogon martinii var. 
motia) and Chandra (1972), Singh and Ganguly (1972), 
Singh et al. (1976) and Ganguly and Thyagarajan (1977) on 
Java citronella (Cymbopogon winterianus). 
Considering different levels of N, herbage yield 
(like fresh weight/plant) was maximum with 300 Kg N/ha at 
first and third cuts and 250 Kg N/ha at second cut; but 
cumulatively, 300 Kg N/ha gave highest herbage yield (Fig. 7). 
i^±t^ iJTfect of ba sa l P on herbage jleld 
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It may be noted here that the essential oil percentage was 
maximum with 450 Kg N/ha at each cut. However, calculated 
on the basis of total herbage yield per hectare, this level 
proved inferior for essential oil production when compared 
with 300 Kg N/ha (Fig. 8). 
Concerning the P levels, herbage yield was found to 
be maximum with 150, 125 and 100 (125) Kg PgO^/ha at first, 
second and third cuts respectively; but cumulatively, 
150 Kg PpO^/ha proved optimum, with 125 Kg PgOc/ha following 
close behind (Fig. 9). Essential oil content was affected 
significantly only at the first and second cuts where 
125 and 100 Kg PpO^/ha gave the highest percentage 
respectively. 125 Kg PpO^ -Zha proved best for the computed 
essential oil yield at all the three cuts and consequently 
on cumulative basis (Fig. 10). 
Considering the individual K levels, 160 Kg KgO/ha 
proved optimum for herbage yield at all three cuts and on 
cumulative basis (Fig. 11). Essential oil percentage was 
also maximum with 160 Kg KpO/ha at first and second cuts 
while 280 Kg KpO/ha proved optimum at third cut. However, 
160 Kg K20/ha proved optimum for computed essential oil 
yield per hectare at each cut and cumulatively (Fig. 12). 
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Fig. 13 : G-as chi-omatogram of essential oil showing 
citral content in optimum basal li treatment 
at I, II and III cuts against respective 
control. 
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It may be added here that the performance of 
lemongrass in these experiments was better at the first 
cut (early August) than at subsequent cuts (October and 
December). Seemingly, the reason for this observation 
could be traced to the longer duration (four months) 
allowed for the first cut while the subsequent cuts lasted 
two months each. A perusal of Fig, 6 would, however, 
indicate that, after first cut, the plants could not avail 
fully of the monsoon precipitation in and after August. 
Also, possibly lemongrass entered into a relatively dormant 
period as winter approached. 
5.1.5 Essential oil quality; Like growth and yield 
attributes, individual N,P and K application also increased 
significantly the citral percentage and citral yield at 
each cut (Tables 10, 14 and 18). This may be due to the 
roles of these nutrients in essential oil synthesis via 
carbohydrate and other metabolisms (Hess, 1975)« 
Considering N levels, the maximum citral percentage 
was registered with 300 Kg N/ha at all the three cuts 
(Pig. 13) but 350 Kg K/ha at first and third cuts and 
250 Kg N/ha at second cut proved at par with it (Table 10). 
When the citral percentage of all the three cuts was 
computed on the basis of essential oil yield, 300 Kg N/ha 
at first and third cuts and 250 Kg N/ha at second cut 
Fig. 15 : Gas chromatogram of essential oil showing 
citral content in optimum basal P 
treatment at I, II and III cuts againct 
respective controls. 
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proved best for citral yield per hectare. However, on 
cumulative basis, 300 Kg N/ha again proved best and 
150 Kg N/ha gave the lowest citral yield (Fig. H ) . 
Similar beneficial effect of N on essential oil quality 
has been reported by Singh et. al. (1978), Nair et al.(l979) 
and Saha et. al_. (I980)on several varieties of lemongrass 
and by Cimndra (1972) on Java citronella. 
Concerning P levels, 125 Kg P20c/ha gave slightly 
higher citral percentage than the other doses when all the 
three cuts were considered (Table 14 and Fig. 15). Conse-
quently citral yield per hectare was highest in this 
treatment (Fig, 16). P might be involved in the synthetic 
reactions of essential oil metabolism through ATP by acetate-
mevalonate pathway. Mevalonic acid is the primary precussor 
of all terpenoids biosynthesised by plants. Head-to-tail 
condensation of dimethylallyl pyrophosphate with isopentenyl 
pyrophosphate, catalysed by dimethylallyl transferase, gives 
the C.Q monoterpenoids, geranyl pyrophosphate ("Vickery and 
Vickery, 1981). Citral is an acyclic monoterpenoid and is 
synthesised in this manner. 
Among various K levels, 160 Kg KpO/ha gave maximum 
citral percentage at all the three cuts (Fig. 17). This 
treatment also proved optimum for the computed citral 
yield at all the three cuts and consequently on ciimulative 
basis (Fig. 18). Chandra (1972) also reported such beneficial 
17 : G-as chroraatosram of ecsential oil showing 
citral content in optimum basal K 




























effect of potassium on essential oil quality of Java 
citronella. 
5.1.4 Nutrient contents; Various levels of applied 
N had a significant effect on concentration of H at all 
three cuts and PI at first and second cuts only in the leaves 
of lemongrass, the first cut giving the highest values. 
Considering all three cuts and comparing with the values for 
the lowest level of IT (150 Eg/ha), the leaf K concentration 
increased appreciably by various levels of basal N, of which 
300 Kg N/ha proved optimum (Table 11). Such an increase in 
leaf N concentration with the application of nitrogenous 
fertilisers is of wide occurrence in plants particularly 
grasses and cereals (Gregory, 1937; Lundegardh, 1951; 
Langer, 1966). Others who have recorded a similar effect 
include Duley and Killer (1921), Rajgopal and Iyengar (1938), 
Richards and Templeman (1939), Ranjan and Das (1957), Carlson 
and Grimes (1958), Sundara Rao and Krishan (1963) and 
Safaya (1971). Similarly, maximum average K concentration 
was also found in 300 Kg M/ha treatment. Such an increase 
in K content has also been reported by Ranjan and Das (1957), 
Safaya (1971) and Samiullah (1971) in barley and by Grunes 
and Krantz (1958) in oats as well as by Bishop et al. (1973) 
in celery. 
130 
The effect of P levels on R,P and K content of leaves 
was significant at each cut. In general, N and K contents 
were maximum at first cut whereas the P concentration 
increased progressively cut-wise by P application. The 
concentration of N in the leaf increased over the control 
(0 Kg 7^0^/h&). Of the various levels, 125 Kg P20c/iia 
proved optimum on average basis (Table 15). Such favourable 
effect of P on N uptake has also been reported by Rege and 
Sannabhadti (1943) for sugarcane and by Das (1959) for barley. 
Leaf P content was increased appreciably upto 150 Kg PpOt-/ha. 
This was, however, at par with the values for 125 and 
175 Kg PpOe-/ha on the basis of average of the three cuts. 
In general, the higher doses of P resulted in more P in leaves, 
thus corroborating the findings of Lundegardh (1932), 
Chapman (1935), &uyon and Gollier (1938), Mamy (1938), 
Das (1959), Mehrotra and Lehri (1967) and Safaya (1971) on 
other members of grass family. Percentage of leaf K for 
various P levels was maximum at first cut. On average basis, 
125 Kg PgO^/ha gave highest value which was at par with that 
for 150 Kg PgO^/ha. In general, the effect of applied P on 
K concentration is in agreement with the findings of 
Rauterberg and Schulte (1942), Lundegardh (1951), Das (1959) 
and Dev (1965) who also reported an increase in K content due 
to phosphatie manuring. 
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Different applied K levels had a significant effect 
on N concentration at third cut only, P concentration at 
first and second cut only and K concentration at all three 
cuts. On average basis, N content increased progressively 
upto 160 Kg K20/ha and was foimd at par with 200 Kg K2O /ha 
(Table 19). Similar increase in leaf N content as a result 
of K application has been reported by Krantz and Chandler 
(1951) for maize and by Das (1961) for barley among the 
G-ramineae. P content increased upto 240 Kg K20/ha, but 
160, 200 and 280 Kg KpO/ha proved equally effective when 
the average of three cuts was considered. Thus, K application 
stimulated P uptake as reported by Mehrotra and Lehri (1967). 
The concentration of K in leaves was maximum at first cut. 
On average basis, it was increased upto 240 Kg KpO/ha, being 
at par with 200 Kg KpO/ha. As regards leaf K content in 
the present study, it increased expectedly at the higher 
levels of potash. Similar increase in K concentration with 
K fertilisation has been reported by Ludecke (1958), 
Das (1961) and Safaya (1971). These data about the NPK 
percentage of leaf generally showed a positive correlation 
with the growth, yield and quality parameters of lemongrass 
discussed earlier. The nutrient status of the crop, therefore, 
seems to be a determining factor for its growth pattern and 
productivity. 
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Considering the entire results on various parameters 
studied, it is inferred that individual application of 
300 Kg N/ha, 125 Kg PgO^/ha and 160 Kg K20/ha proved 
optimxim for the growth, yield and quality of essential oil 
of lemongrass. 
5.2 Response to combined NPK application 
This field experiment was planned on the basis of the 
results obtained in the first year of study during which 
the optimum levels of N,P and K were assessed. In this 
trial, three levels each of N,P and K in all possible 
combinations were applied to investigate their effect on 
growth, yield, essential oil quality and NPK content of 
leaves of lemongrass. It may be added that the trial was 
started one month early on the basis of the experience 
gained in the previous year's observations. 
5.2.1 Growth: Taking into consideration all growth 
characteristics at all the three cuts, a significant 
increase due to different combined NPK treatments was noted 
(Table 20). Of all the NPK levels tried, N^^Q P^QQ ^160^*^21^ 
and NpcQ -^ 125 "^ 120 ^'^'^^ appeared to show an overall supe-
riority over the other combinations. The response of 
lemongrass to combined application of NPK is understandable 
because of NPK status of soil on which the present field 
trial was carried out. The soil was comparatively low 
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with respect to N and P and relatively high for K (Table 1). 
The study is indicative of the importance of balanced NPK 
application. Improvement in growth with the application of 
NPK fertilisers, especially on soils low in II and P, is a 
feature of common occurrence. A lack of balance in IIPE 
nutrition night be more detrimental for growth and deve-
lopment of any crop than an actual deficiency of any of 
these nutrients. The importance of balanced manuring for 
varjous crops, including cereals and gasses, has been 
generally acknowledged since Lie big (1840) proposed his 
"Law of the i^ inimum" . It has been reiterated amon^; others 
by La'3-atu and .aume (1934), ohear and Crane (1947), 
Ulrich (1948), Russell (1950), Lundegdrdb (1951), Tisdale 
and Ilelson (i960), Gauch (1973) and /emmler (1978). 
The favourable response of different growth character-
istics to these nutrients is expected on the basis of their 
roles in promoting growth and development as discussed 
earlier in connection with the results of Experiments 1-3» 
This beneficial effect of combined application of NPK is 
in good agreement with the results of various other workers 
on several species of Cymbopogon. To quote only a few 
references, mention may be made of the work of G-hosh and ' 
Chatterjee (I976,b) and Virmani et. al. (1977,a) on lemongrass 
(Cymbo-pogon f lexuosus ); Ghosh and Chatterjee (1976,b), 
Virmani et al. (I977,b) and Gupta et. al. (1978) on palmarosa 
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(Cymbopogon martinii var. motia) and Chandra (1972) and 
Ghosh and Ghatterjee (1978) on Java citronella 
(CymbopO|£con wlnt erlanus). 
5.2.2 Yield and essential oil content; Combined 
application of NPK resulted in significant increase in 
herbage yield and essential oil percentage and consequently 
the computed essential oil yield (Table 21). This seems to 
be a manifestation of the growth response of lemongrass to 
combined EBK as discussed above. The present findings on 
herbage and essential oil yields corroborate those of other 
workers, including Pillay (1961), Mohanty and Misra (1963) 
and Nair et_ al. (1976, 1979) on Gymbopogon flexuosua; 
Singh and Atal (1977) and Singh et. al. (1977) on 
Cymbopogon pendulus; Ghosh and Chatterjee (1975» 1976a,b), 
Dutta and Paul (1976, 1978), Hazarika and Bora (1977), 
Gupta et al. (1978) and Hazarika et. al. (1978) on 
Cymbopogon martinii var. motia and Chandra (1972), Virmani 
and Datta (1973), Narayana et al. (1976) and Ghosh and 
Chatterjee (1978) on Cymbopogon winterianus. 
Considering different combined levels of l\rPK, herbage 
yield was highest with N,^Q ^-[QQ ^ I 60 ^^21^ ^'^ first and 
third cuts and with W^QQ P^^Q K2QQ (T^Q) at second cut 
(Fig. 19). However, Ng^Q P^25 ^120 ^^5^ proved at par with 
these combinations. Cumulatively, N^^Q ^ '\QQ ^ i 60 ^^21^ ^^^ 
^250 "^ 125 ^ 1^20 ^ •^ S^  were found to be equally effective 
,^^i^£^ Afi,..l. 
20 : iiffeot of combinod l eve l s of FPK on 
oasent ia l o i l y i e ld . 































(Table 21). It may be noted here that the essential oil 
percentage was maximum with ^ 2^0 •'^loo '^ 200 ^^4^* 
^250 ^125 ^120 ^^5) ^ ^^ ^250 ^125 ^160 ^^6^ ^ ^ first, second 
and third cuts respectively. However, essential oil yield 
per hectare (calculated on the basis of herbage yield) was 
found to be highest in N^CQ -^ 100 "^ 160 "^^ 21^  ^* "^^"^  three 
cuts, with ^2^Q P^QQ K^gQ (T^) and 1^ 250 ^ 125 ^120 ^^5^ ^ ^ 
^250 -^ 125 •^ 160 '^•'^6'' P^ °"^ i^ S equally effective at first, 
second and third cuts respectively. Treatments ^•^CQ ^ -JOO '^ 160 
(T2^), H250 ^ 125 ^120 ^%^ ^""^ ^250 ^125 ^160 ^^6^ ^^^ ^^  
surpassed all others when the total of essential oil yield 
of the three cuts was considered (Table 21 and Fig. 20). 
It is noteworthy that, contrary to the findings of the 
previous year, the performance of lemongrass in the present 
trial was better at second cut (early September) than at 
first cut (early July). This was probably due to advancing 
the date of transplantation by a month (pE).^ fi,60) as a result 
of which the crop received plenty of water before the second 
out as the period coincided with the monsoon (Fig, 6). 
5.2.3 Essential oil quality; Like growth and yield, 
combined NPK application also increased significantly the 
citral percentage and citral yield per hectare at the three 
cuts (Table 22). This beneficial effect of NPK treatment 
on essential oil quality is in conformity with Hazarika 
et al. (1978) on Gymbopogon winterianus. 
sP±^. 21 : G-as chroma to gram of essential oil 
showing citral content in optimum 
combined NPK treatment at I, II 
and III cuts against respective 
controls. 

' ' i ; ; . 2 2 . : Efi^ect of combined, l e v e l s of ITPIC on 




3 3 3 
U U U 
001 





Of all the NPK combination applied, '^•^QQ ^IOO '^ 120 ^ "^ 11^  
at first cut and NgcQ ^125 '^ 120 ^^5^ ^ * second and third 
cuts gave maximum citral percentage (Fig. 21). When the 
citral percentage of all the three cuts was computed on 
the basis of essential oil yield (Table 22), N^^Q ^ -IQO ^160 
i.e., ^21 (equalled by ^250 -^ 100 ''•^160' ^*^*> ^3^' 
N250 ^125 ^120 ^^5^ ^ ^^ ^ '^ 250 ^ 125 ^160 ^^6^ proved best for 
citral yield per hectare at first, second and third cuts 
respectively (Fig. 22). Cumulatively, however, N-,^ 0 ^ 1OO •^ 1^60 
(Tp^ ) proved optimum and was followed by Npso '^ 125 •^ 120 ^•^5^* 
The increase in citral percentage and citral yield with these 
WPK combinations is understandable and may be due to the 
combined actions of the nutrients in essential oil synthesis 
through several metabolic processes as discussed in connection 
with individual effects of N,P and K on these attributes 
(pp.fA?"^^. 
5.2.4 Uutrient contents; Application of different 
levels of combined NPK affected significantly the N,P and K 
contents in the leaves of lemongrass at all the three cuts 
(Table 23). G-enerally, N,P and K concentrations were higher 
at first and second cuts than at the third cut. The values 
recorded for P were highest at the first cut and decreased 
subsequently. 
137 
On the basis of all the three cuts, and taking all UPK 
combinations into consideration, the uptake of N was noted 
to be appreciably increased with increasing levels of N 
upto 350 Kg/ha. Such an increase in leaf K content with 
the combined application of NPK is in line with the findings 
of Lundegardh (1951), Carlson and Grunes (1958), Sundara 
itao and Krishan (1963), Mack (1965) and Safaya (1971) for 
barley; Grant and MacLean (1966) for timothy and Inam 
at al. (1982) for triticale. In the present study, maximum 
N concentration in leaves was obtained with the application 
of ^-TCQ ^ iQQ -^ 160 '^^ 21^  which suggests that N uptake in 
lemongrass was facilitated by low P and medium K. 
The uptake of P increased with the application of P 
upto 150 Kg P-Oj-Zha with all the NPK combinations, particularly 
at second and third cuts. In general, such an effect of P 
applied with N and K is more or less in agreement with the 
findings of Guyon and Collier (1938), Hamy (1938), 
Beeson (1946), Das (1956), Mack (1965), Grant and MacLean 
(1966), Mehrotra and Lehri (1967), Safaya (1971) and 
Inam et^  al.(1982) for cereals and grasses. 
Application of increasing levels of K in combination 
with N and P increased leaf K content appreciably. These 
findings corroborate those of Lebrum and Radet (1935), 
Mack (1965), Grant and MacLean (1966) and Inam et al.(l982). 
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5.5 Response to foliar spray of N and P 
In this experiment, the effect of 16 spray treatments 
of i^  and P alone and in combination in the presence of two 
basal doses of W and P, was studied on growth, yield, 
essential oil content and quality and iM,P and K contents 
of leaves of lemongrass. Of the two basal treatments, one 
dose (N^QQ ^I^Q) '^^^ selected on the basis of first year's 
study and the other (N^^-Q Pyc) contained half its amo-unt 
of N and P. A \miform dose of K^gQ was also applied basally 
to all plots. In this experiment, only two cuts could be 
taken so as to allow time for the sprayed nutrients to get 
metabolised in the leaves. The important findings are 
discussed in the following pages: 
5.3.1 Growth: Of the two basal treatments, the 
higher dose (N^QQ P-tcjo) proved better for most of the growth 
characteristics studied at both cuts. This observation more 
or less confirmed the findings of the previous trials with 
respect to N and P requirements of lemongrass. Concerning 
the spray treatments, all growth parameters had signifi-
cantly higher values when compared with their respective 
water-sprayed controls. Of the 16 spray treatments, 
N^Q Pg (Ty) generally proved best for these characteristics 
at each cut. A point to be emphasised here is that the 
spray of N and P alone was not found to be as effective as 
that of N + P. 
•ig. 23 : Effect of individual and combined 
leaf-applied R and P with, two 
combined basal doses of N and P 
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The effect of the interactions between basal and spray 
treatments in the present study was significant for culm 
and leaf number at first cut. However, at second cut it 
was significant for all characters, except shoot length. 
Taking all significantly affected pnrameters into consi-
deration at the two cuts, treatment M^Q Pp (Ty) proved 
generally superior irrespective of the basal dose 
(Tables 24-28). 
5.3.2 Yield and essential oil content; As revealed 
from Table 29, herbage yield was increased significantly by 
N^QQ P.j-Q at each cut as well as on cumulative basis. Al-
though the effect on essential oil percentage at either cut 
was non-significant, the value of essential oil yield 
computed on the basis of herbage yield was found to be 
increased significantly by N^QQ -^ IC^ O ^^ second cut 
(Table 30-51). These data also confirm the earlier findings 
of basal requirements of N and P on yield of lemongrass. 
Considering the results of spray application, it was noted 
that these treatments gave significantly higher values 
when compared with their respective water-sprayed controls 
for the yield characteristics at both cuts. Herbage yield 
was increased with N + P sprays followed by W and P alone 
in that order. Among the spray treatments, generally spray 
of 10 Kg N/ha together with 2 Kg P20c/ha proved best at 
both cuts as well as on cumulative basis (Pig. 23). 
L*'ig. 24 : Effect of individual and conbined 
leaf-applied IT and P with two 
combined basal doses of If and P 
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Regarding the essential oil percentage, all the spray 
treatments, except N^P. (T^Q) gave significantly higher 
values than the control at first cut. At the second cut, 
the trend was found in the order of N> N + P>P. The 
computed essential oil yield was, however, increased 
appreciably with N + P sprays at each cut; but at second 
cut and cumulatively, the effect of N sprays was at par 
with i\[ + P sprays of which N-IA-^ P -^"^ 7^  proved generally 
superior to others (Fig. 24). 
The effect of interactions on yield attributes 
(except herbage yield at first cut) was significant at 
both cuts. Considering the effect of main plots (basal) 
at the same level of sub-plot (spray) on herbage yield, 
it was fo-und that almost all the spray treatments gave 
higher herbage yield at N^QQP^^Q level than the corres-
ponding sprays at K^J-QP^C level at second cut and 
cumulatively, with N^QP2 (T^) giving higher yields at 
both basal levels. Essential oil percentage was not 
markedly affected by basal treatments at any of the spray 
levels. However, essential oil yield (calculated on the 
basis of herbage yield per hectare) generally responded 
better to spray treatments at N^QQP^^Q at each cut and 
cumulatively. These data get further confirmation when 
the effects of different spray treatments (sub-plot) at 
the same level of basal treatment (main plot) were considered. 
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In lemongrass, yield depends upon culm ajid leaf number 
as well as fresh weight of herbage. It is desirable to 
increase the ntxmber and size of the green aerial parts 
(herbage) to ensure maximum productivity which was 
apparently influenced favourably by N + P sprays in the 
present investigation. The ready availability of these 
essential nutrients from the spray at the metabolic sites 
(leaves) seems to have brought about a general improvement 
in the growth characteristics which manifested itself in 
better yields. A beneficial effect of spray of W only is 
known for cereals and other crops and has been highlighted 
in several reviews (Boynton, 1954; Thorne, 1954; Uittwer 
and Teubner, 1959; Anonymous, 1971). Regarding the essential 
oil producing plants, Mohan and Sharma (1978) and Singh 
et al. (1979) on Mentha spp. and Hohandass et^  al. (1980) on 
geranixim (Pelargonium graveolens) reported the beneficial 
effect of N sprays on herbage and essential oil yield. A 
similar favourable effect of sprays of P and N + P was 
observed on yield of cereals by Afridi and Samiullah (1973), 
Afridi et §1, (I978a,b) and Qaseem et. al. (1978) and was 
also reviewed by Afridi and Wasiuddin (1979). 
5.3.5 Essential oil quality; Like growth and yield 
attributes, combined basal N and P application also affected 
significantly the citral percentage at both cuts. Of the 
two basal teatments, the lower dose (N^^QP^C) proved better 
''!'•;. 23 : 'Jas chiro nato'jrata of esoeritl ' i l o i l 
giiowin.'^  c i t r a l coritent in 
optimum spray treatment a t I and 






for the citral percentage at each cut (Table 32). However, 
the computed citral yield was not affected significantly 
by the basal treatments. 
Concerning the effect of spray treatments, citral 
percentage and citral yield per hectare (calculated on 
the basis of essential oil yield) had significantly higher 
values when compared with their respective water-sprayed 
controls at both cuts. 
Among the spray treatments, ^ ic?/ (T^2)» l^O'^ B "^^ IS^ * 
N^Pg (T^), N^Q PQ (T^) and N^PQ i'S^) were found equally 
effective for citral percentage at first cut, while at 
second cut, the spray of ^Q^A (^Q) gave the highest value 
(Fig. 25). On the other hand, computed citral yield was 
found to be increased appreciably with the sprays of 
N^QPP i'Srj) and l^ cPg ('^14.) ^'^ first cut, whereas at the 
second cut, the sprays of N^^PQ ^ ^4.)* l^O'^ O ^ 3^'^ » 
1^0-^ 2 ^^7^' ^5-^ 4 ^^10^ ^ ^ 1^0-^ 4 '^-^ 11^  ^ ®^® found to be 
equally effective. Cumulatively, spray of N^^Pp (Tr,), 
^15 -^ 0 ^ ^4^ ^ ^ ^5^4 ^^10^ ^ ®^® found most effective but 
at par with each other (Table 33 and Fig. 26). These 
results confirm the indispensibility of nitrogen in the 
spray not only for growth and yield but also for the good 
quality of essential oil of lemongrass. The effect of 
interactions of main plots at the same level of sub-plot 
was found significant on citral percentage only. Most 
i^ 'i •-. 26 : Ef Tect of incliviflin.1 and combined 
l e a f - a p p l i e d ^nn.'^l doses of IT and 
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of the spray treatments at N.P-QP,,J- level gave higher citral 
content than the respective sprays at ^^QQP-J^Q level at 
each cut. Considering the differences of the values for 
the different sub-plots at the same level of main plot, 
it was noted that at both levels, citral percentage was 
increased by the spray treatments when compared with their 
respective water-sprayed controls at each cut. 
5.3,4 Nutrient contents; The results summarised in 
Table 34-36 indicate that generally the leaf N and P 
concentrations were lower with N^QQP^J-Q basal level. 
Apparently, this could be a dilution-with-growth effect as 
this higher basal dose produced more herbage (Table 29). 
The picture for leaf K was different, N^QQP^ ^ Q giving higher 
value inspite of dilution effect. This may be due to the 
enhancing effect of N and P fertilisation on leaf K content 
noted in Experiments 1 and 2. 
Among the spray treatments, ^ 1^0^ 2 ^^7^ generally gave 
the highest leaf NPK contents. This observation has added 
significance as the effect was equally pronounced at both 
basal levels. It may be recalled that this treatment also 
proved optim\im for herbage, essential oil as well as citral 
yields (Tables 29, 31 and 33). These findings are original 
as there is no mention in the literature of the use of foliar 
spray technique for lemongrass cultivation. The results also 




Based on the facts regarding essential oil production 
in this country (Chapter 1), the present investigation was 
tmdertaken to assess the nutritional requirements of 
lemongrass (Cymbopog:on flexuosus). The stress was laid on 
increasing the herbage and essential oil yield and getting 
better quality of essential oil by judicious basal fertiliser 
application as well as by using the technique of foliar 
spray. The results were found to be encouraging. The main 
finding was that lemongrass can be cultivated successfully 
in Western Uttar Pradesh. For getting maximum returns, a 
balanced dose of N^CQ P-IOR -^i 20 ^^^ transplantation in early 
March are preferable. Foliar spray is feasible for optimising 
yield and 10 Kg K plus 2 Kg Pp Oj- per hectare is recommended 
for adoption iinder local conditions. 
5"5 Proposed future work 
Having established the above cultural practices for 
lemongrass, it was realised that much still remains to be 
done regarding such agronomic factors as date of trans-
plantation, stage of harvest, plant density, frequency of 
watering, desirability of top dressing, etc. Such studies 
could be highly rewarding from the commercial point of 
view. 
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The importance of /^-ionones for synthesis of vitamin A 
can not be overemphasised. It is felt desirable to study 
the effect of cultural practices on the production of this 
important constituent of citral for optimising its production, 
as this could not be undertaken by the author due to lack of 
facilities. 
Lastly, the present study with foliar spray on lemon^rass 
« 
has yielded encouraging results. It is, therefore, proposed 
to extend it to include other important essential oil 
producing plants, like palmarosa and citronella grasses, which 




The importance of the problem, "Mineral Nutrient 
dtudies of Lemongrass (Gymbopo/?on flexuosus)", has been 
briefly considered. In view of the lacimae in our 
knowledge of the problem, proposals have been put forward 
for undertaking the present research (Chapter 1). 
The early history of mineral nutrition, botany, uses 
and fertiliser requirements as well as foliar analysis of 
essential oil yielding plants including lemongrass have 
been reviewed (Chapter 2). 
The details of the material and methods employed for 
the five field experiments, first four laid out according 
to simple randomised block design and last one according 
to split plot design, have been given. These have been 
supported by meteorological and edapldc data (Chapter 3). 
On statistical analysis, the data were mostly found 
to be significant (Chapter 4), and are summarised below: 
In Experiment 1 (1979), the effect of 8 levels of 
basal nitrogen on growth, yield, essential oil content 
and quality and NPK contents in leaves of lemongrass at 
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three cuts was studied. 
All growth characteristics studied (except shoot 
length/plant at first cut) were affected significantly 
with different IT levels at all three cuts. It was noted 
that iT-zQQ at first and third cuts and l^ gcQ ^'^ second cut 
proved best for these parameters. 
Yield attributes were also affected significantly 
with applied II levels at each cut. It was found that 
herbage yield was maximum with KT-QO "^^  first and third cuts 
and with HOCQ at second cut; but cumulatively, II-QQ gave 
highest herbage yield. It may be noted here that the 
essential oil percentage v;as maximum with iT,(-Q at each cut. 
However, calculited on the basis of total herbage yield 
per hectare, this level proved inferior for essential oil 
production vrtien compared with H^QQ. 
Like growth and yield attributes, N application also 
affected significantly the essential oil quality (citral 
percentage and citral yield per hectare) at all three cuts. 
The highest citral percentage was registered with N'^QQ at 
each cut. When the citral percentage of all the three cuts 
was computed on the basis of essential oil yield, N-?QQ at 
first and third cuts and NgcQ ^"^ second cut proved best 
for citral yield per hectare. However, N^QQ again proved 
best and N^cg gave the lowest citral yield on cumulative 
14S 
basis. 
Various levels of applied N had a significant effect 
on the concentration only of INI ^t a!Ll three cuts) and of 
K (at first and second cuts) in the leaves of lemongrass. 
The y concentration increased appreciably by different 
levels of II of which W-QQ at first and third cuts and ^^^n^O 
at second cut proved optimum. The maximum JZ concentration 
was found in ^^-^QQ at first cut and in ^TQQ at second cut. 
In Experiment 2 (1979), the effect of 8 levels of 
basal phosphorus (PpOp.) on growth, yield, essential oil 
content and quality and -.x'.^  contents in leaves of lemongrass 
at three cuts was studied. 
Various levels of phosphorus exhibited a significant 
effect on all the growth characteristics at all three cuts. 
Of 8 levels applied, P-igo "^° -^ ISO P^ °'^ ®^  best (with P-12C5 
showing an edge over the other two levels) for different 
growth parameters at different cuts. 
Yield characteristics (except essential oil percentage 
at third cut) were also affected significantly by phosphorus 
application at all three cuts. Herbage yield was fo\md to 
be maximum with P^CQ* ^-J25 ^^^ •^ 100^ '^ 125^  ^^ first, second 
and third cuts respectively; but cumulatively, P-i crn proved 
optimum with P^ps ^oHo^i^S close behind. Essential oil 
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percentage was maximum with -P.] 25 ^^^ -^ 100 ^^ first and 
second cuts respectively. However, ^ICQ* -^ 125 ^^ '^  •^100^'^125^ 
proved best for the computed essential oil yield at first 
second and third cuts respectively and consequently on 
cumulative hasis -P-tp^ '^^ l 50'' P-^ °'^ ®'^  optimum. 
Various levels of P also e:chibited a bisnificant 
GiLGct on ecrentJal oil qacxlily at all three cuts. 'I'he 
citral percent v/as fouaid maximum with I'yir* •Pi00^"^12S^ '^^^ 
P.J-Q(P.,C-) at first, second an.d third cuts respectively, 
iowever, computed citral yield per hectare Tras noted 
Lii ^ 'hest vrith P-;CQ> ^•\OC, ^^-^ -^ 100 '^''^ -irst, second and" thix^ d 
cvbc respectivoly. 
The effect of P levels on i^ ,P and I contents of leaver^ 
was significant at all three cuts, 'i'he concentration of i>l 
was increased appi-eciably upto P^CQ at first and third cuts 
and upto f^ ocr at second cut. Leaf P content was increased 
appreciably upto P-tcQ at first and third cuts and upto 
P^25 ''^'^ second cut. Like i.^" and P contents, K content was 
also increased favourably upto P-]iro at first and third cuts 
and upto P^OR ^'^ second cut. 
In Experiment 3 (1979), the effect of 8 levels of 
basal potassium (.Cp^ ) o^'i growth, yield, essential oil 
content and quality and iiPK contents in leaves of lenongrass 
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at three cuts was studied. 
Various applied K levels exhibited a significant 
effect on all the growth characteristics at all three 
cuts. Culm and leaf number/plant were found highest with 
KpgD> -^ M''0 ^^'^ •'^?4.0 ^ ^ first, second and third cuts 
respectively. However, shoot length/iolant and fresh and 
drv wei'-ht/plant were maxi'^ ium with iC. -^  at each ciit. 
Yield characteristics were also affected si:;nificantly 
by potas'-'^ iu"! application. Of the 8 levels of potassium, 
K. j'^  proved optimum for herbage yield at all three cuts and 
cumulatively. Essential oil percentage was also found 
highest T^-ith "^'-i gn '^"^  first and second cuts and xfith ^ pRO 
at third cut. however, t-i ^ Q proved optimum for computed 
essential oil yield per hectare at each cut and on cumulative 
basis. 
Like growth and yield, essential oil quality was also 
affected significantly with various K levels at all three 
cuts. K.gQ gave maximum citral percentage computed citral 
yield per hectare at all three cuts and consequently on 
cumulative basis. K levels had a significant effect on N 
concentration at third cut only, P concentration at first 
and second cuts only and K concentration at all three cuts. 
N content was increased progressively upto K.gQ at third 
cut. P content was increased appreciably upto K^gQ at first 
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cut and upto KpsO ^^ second cut. The concentration of K 
in leaves was maximiim with ^pBO ^^ first and third cuts 
and with ^pAO "^^  second cut. 
In Experiment 4 (1980), three levels each of LT,P and 
E in all possible combinations alongwith a control (WQPQKQ) 
were applied to investigate this effect on f^ rowth, yield, 
essential oil content and quality and NPK contents in leaves 
of lemongrass. It may be added that the trial was started 
one Tionth early on the basis of observationr3 during the 
previous year. 
I'akin/-; into consideration all <^rowth characteristics 
at all three cuts, a significant increase due to different 
combined WPF treatments was noted. Of all the HPK levels 
tried, N^J-Q I^ -^ OO ^ 160 ^^^ ^ "^ 250 "^ 125 '^ 1^20 ^ -PP^ r^ed to show 
an overall superiority over the other combinations. 
Combined application of WPK resulted in significant 
increased herbage yield and essential oil percentage and 
consequently the computed essential oil yield. Herbage 
yield was highest with N^^Q -^ 100 -^ 160 '^'^ first and third 
cut and with N-^QQ ^•JCQ -^ 200 ^^ second cut. However, 
•'^ 250 •^ 125 "^ 120 P^ °'^ ®'^  ^'^ P^^ with these combinations at 
the respective cuts. Cumulatively N^^Q P^QQ ^160 ^^^ 
^250 "^ 125 •'^ 120 ^ ®^® fo-und to be equally effective. It may 
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be noted here that the essential oil percentage was maximum 
with N250 Pi 00 ^^ 200' ^ 250 ^125 ^120 ^""^ ^^ 250 ^ 125 ^160 ^ ^ 
first, second and third cuts respectively. HoT-rever, 
essential oil yield per hectare was highest in N^^Q -^ 100 ^ 160 
at all three cuts with NoRO "^ 100 ''^ 160' ^ 2^50 "^ 125 ^ 120 ^^'^ 
Npc-Q ^ 12^ ^ 1^60 P^ o'^ i^ G equally eTfective at first, second 
and third cuts respectively. Treatments -^^ C^Q -^ 100 •''•160' 
ivpf-Q -^ ips ""^IPO ^^^ '^2^ 0 '^ l^'o "^ 160 '^•^^'^ rurpassed all others 
when the total of essential oil yield of the three cuts was 
considered. 
Like g^rowth and yield, combined xIPK application also 
increased si^nificantljr the citral percentage and citral 
yield per hectare at all ttiree cuts. Of all the iJPK 
combinations applied, A ,^Q -^ loo •^ 1^20 ^'^ first cut and 
^250 "^12'5 ^ 120 "^^  second and third cuts gave raaximum 
citral percentage. When the citral percentage of all three 
cuts was computed on the basis of essential oil yield, 
^250 ^100 ^ 160' ^ 250 ^125 ^120 ^^^ ^ 250 ^125 ^^ 160 Proved 
best for citral yield per hectare at first, second and 
third cuts respectively. However, N^^Q P-JQO ^^ 160 P^ °'^ ®<i 
optimum and was followed by N2C0 ^125 -^ 120 °^ ciomulative 
basis. 
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Application of different levels of combined FPK 
affected significantly N,P and K contents in the leaves of 
lemongrass at all three cuts. The treatment ^250 "^ 12^  "120 
recorded the maximiim value for N content at first cut and 
was at par with those of l''f250 '^ 150 '^ 1^20 ^^^ ^^ 350 "^ 100 •'•^ 160' 
At second cut, U^^Q P-JOO ^160 ^^^ "^^ 300 "^ 150 ^ "^ 200 '^^ ®^® 
equally effective. At third cut, NVC-Q ^IQQ -^ 120 Save 
significantly maximum leaf N concentration. For P content, 
the treatments N^I-Q ^^QQ ^OQQ ^'^ first cut; N^CQ -^ 150 •^ 2^00 
and NpcTQ ^ icn -^ ipo ^ "^  second cut and N-ZCQ ^-ICQ ^ipo ^^ 
third cut were most effective. Leaf K content was maximum 
with !l25o P^oQ K200 and IJ^QQ P^ ^ Q K^ ^ Q at first cut ; 
^^ 300 ^ 125 ^200' ^ 3^00 ^ 150 -^ 2^00 ^ ^^ '^^ 350 -^ 100 ^ 1^20 ^ ^ second 
cut and N^QQ -^ ips •^ 2^00 ^^ "third cut. 
In Experiment 5 (1981), the effect of 16 levels of 
leaf-applied i\i and P alone and in combination (sub-plot 
treatments) in the presence of two basal doses of N and 
P (main plot treatments) was studied on growth, yield, 
essential oil content and quality and NPK contents in 
leaves of lemongrass. The crop was harvested at two 
interval of times (two cuts) in this experiment. 
The effect of main plot treatments was significant 
on all growth characteristics except culm number and fresh 
weight/plant at first cut and shoot length/plant at second 
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cut. The basal treatment N^QQ P^^Q P^ '^O^ ed best for most 
of these parameters at both cuts. The effect of sub-plot 
treatments was also significant on all the growth character-
istics studied. Of the 16 spray treatments, K^Q Pg generally 
proved best for these characteristics at each cut. The 
effect of the interactions between basal and spray treatments 
was si.']:nificant for ci^ lm and loaf number at first cut. 
However, at second cut it was si'i'nificant for all characters 
except shoot length. Ta,king all significantly affected 
parameters into consideration at the two cuts, treatment 
A.f^'B^ proved generally superior irrespective of the basal 
dose. 
The effect of main plot was si-piiileant on all the 
yield attributes, except essential oil percentage at both 
cuts and essential oil yield at first cut. Herbage yield 
was maximum with N^QQ P. J-Q at eacri cut as well as on 
cimulative basis. Essential oil yield was also highest 
with the same basal level at second cut only. Fiirther, all 
spray treatments gave significantly higher values when 
compared with the respective water-sprayed controls for the 
yield characteristics at both cuts. Of the spray treatments, 
N^QP2 generally proved best for herbage yield at both cuts 
as well as on cumulative basis. Regarding the essential 
oil percentage, all the spray treatments, except NcPo* 
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•"^ 00 ^ ISO 1®"^ °-'- "ttian the corresDondinf; sprays at N^ -^QPr^ j-
gave signifioantly higher values then the control at first 
cut. However, at the second cut, the trend was found in 
order of E>I[+P_>P. fhe computed essential oil AM" eld was, 
however, increased appreciably with L'' + P sprays at each 
CLit; but at second cut and cumulatively the efi'ect of 11 
sprays was at par with u + P sprays of which ^^ I-JQ-PJ^  oroved 
generally superior to others, xhe effect of interactions 
on yield attributes (except herbage yield cat first cut) 
was significant at both cuts. It was found that almost 
all the spray treatments gave higher herbage yield at 
v.. 
level at second cut and on cumulative basis with K^QP^, 
giving higher yields at both basal levels. Essential oil 
percentage was not markedly affected at both basal levels 
by any of the spray treatments. However, essential oil 
yield generally responded better to spray treatments at 
IUQQ I'ICQ a-'t both cuts and cumulativelj?-. 
Main plot (basal) treatments affected significantly 
the citral percentage at both CLits. The lower dose 
(N^^QP„^) proved better at each cut. The effect of sub-
plot (spray) treatments was significant on citral per-
centage and citral yield per hectare at both cuts. The 
spray treatments N^PQ, N^QPQ, ^0-^2' ^ 15-^ 4 ^ ^^ 1^0-^ 6 ^ ®^® 
equally effective for citral percentage at first cut, 
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while at second cut, NQP. gave the maximum value. On the 
other hand computed citral yield was increased appreciably 
"by l^ %o^ 2 ^^^ ^h'^6 ^^ fi^st cut, whereas at second out, 
N^^PQ, ^ ^ t i^ io^ O' ^^10^2' %^4 ^^^ '^^ 10^ 4 "^^""^ equally 
erfective. Cumulatively, K-IQ?2' ^M5"^0 ^^^ ^^5'^A ^ ®^^ found 
most effective and at par with each others. The effects 
of interactions were significant on citral oercentage only. 
Hoot of the spray treatments at I]^^QP„^ level gave higher 
citr-il percentage than the respective sprays at 1^-^QQ ^^(^Q 
level at each cut. It was furt'ier noted that, at both 
levels, the citral percentage wa.^  increa< ed by the spray 
trcatnents when compared witb respective water - spraj^ ed 
controls at each cut. 
Xhe efect of basal treatments on leaf IIPK concen-
trations was significant at both cuts (except P content at 
first cut). The effect of spray treatments and of their 
interactions with basal doses was also significant. The 
leaf W concentration was higher with N> ^^ Pr,p- at first cut 
and with I^^QO "^ISO ^^ second cut. ^^^Q^O S^ "^ ® highest 
fJ content at first cut. however, at second cut, I.(-P^ , 
Nj-P., IT. QP- and W^ j-P. were equally effective. N-ICQ ^ja 
gave slightly higher value for leaf N concentration at 
first cut whereas the higher dose (^ ^^ QO "^ 150^  proved better 
at the second cut when the values for individual spray 
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treatments were compared with each other. Leaf H content 
was maxim-um at first cut in H^ j-Pp and M^c'S^ at N'^QQ -^ 150 
whereas at H^CQ ^ n^y '^'lO"^2 ^ ^^ 5^'^ 4 ^^^^ highest values. 
At second cut, i^^n^Q and ^15^2 '^^'^^'^ "^300 "^ 150 ^ ^^ -^""^  5-^ 4 
with ^hcQ Pyc save the highest values for leaf K concen-
tration. Leaf P content was higher with ^-^CQ ^JC than 
with -'^-zQQ -^jcQ ^ '^  secona cut. Of the spray treatments, 
NQP^ gave highest P content at first cut, whereas at the 
second cut, the spray of N^P. gave maximum value and was 
at par with iT^ c-P/-. further, it wao foimd that the effect 
was not consistent as leaf P concentration was increased by 
some spray treat-ients at lower basal level and by others 
at ni';;/icr level. Jiowever, at second cut, i'^-i CQ P^C generally 
proved bet'oer. P concentration was highest in IT^ P^  at both 
basal levels at first cut. At second cut, W-iri'g with 
I^UQQ -P-ico ^ '^^  ^^0^6 ^^^ ^10^2 ^^'^^ "-^ I^ O "^7^ proved best. 
Leaf K concentration was higher with ^-^^QQ ^-ICA at each cu.t. 
H^^PQ, tL P-P . and ^^ -iQ^ p were equally effective at first cut 
while at second cut, NIQ-^P ^^^ ^"^O^A Save maximum K content. 
•'^ 300 "^ 150 P^ "^^ ®'^  better at both cuts when the values for 
individual spray treatments were compared. 
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